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* Simplified Design 


Compare the Cutler-Hammer 505 
D-c Brake with any other, and in- 
stantly you will appreciate why the 
505 is the choice of the mill indus- 
try. The service proven over-the- 
wheel pull rod is the simplest means 
of transmitting maximum braking 
force. Notice only one operating 
coil, only one torque spring, and 
only one torque adjustment. Gone 
is the clutter and multiplicity of 
pins, linkages and cantilevers com- 
mon to other brakes. 

Check the shoe-lever and base 
plate joints. Here troublesome 
pivot pins have been eliminated, 
and replaced by oversize bearing 
sockets which cut bearing pressure 
to a fraction of that found in other 
mill brakes. The tough, weather- 
proof capsule coil will out-perform 
all others. The brake shoes have 
heavy duty riveted linings. The 


% Rugged Construction 


wheel is specifically designed for 
braking service using only the finest 
high strength ductile iron. 
Superior performance of the 
Cutler-Hammer 505 D-c Brake is a 
natural result from its simplified 
design and rugged construction. 
The 505 is direct-acting, and ex- 
clusive one-to-one leverage provides 
maximum braking effectiveness. 
This brake was designed and built 
to out-perform, out-last all others. 
Ease of installation and mainte- 
nance is a major consideration in 
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* Dependable Performance 
*% Ease of Installation and Maintenance 


any device destined for mill appli- 
cation. Because of the simplified 
design and minimum number of 
parts, the 505 can be completely 
assembled in a matter of minutes 
with ordinary hand tools. Capsule 
coil can be quickly changed or re- 
versed while on the job. Only two 
adjustments required to put the 
brake into operation. Brake linings 
can be serviced quickly without dis- 
assembly of the brake. No special 
tools required for any maintenance 
operation. 

For complete information write 
for the descriptive literature detail- 
ing construction, torque ratings, 
types, sizes and service character- 
istics. CUTLER-HAMMER, Inc., 
1269 St. Paul Avenue, Milwaukee 
1, Wisconsin. Associate: Canadian 
Cutler-Hammer, Ltd., Toronto, 
Ontario. 
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® New ideas recently developed by Aetna- 
Standard make Continuous Coating Lines more effi- 
cient. One idea focuses on a new approach for 
Loop Cars. The use of Loop Cars eliminates deep 
loop pit excavation and keeps strip in full view for 
easier inspection. 

New Aetna ideas contribute to an even better 
finished product. Space saving in the installation 
results in lower first cost. There is less equipment 
to buy and to install. 

Aetna-Stundard has installed more Continuous 
Galvanizing Lines than all other manufacturers 
combined. 


AETNA*STANDARD 


THE AETNA-STANDARD ENGINEERING COMPANY 


GENERAL OFFICES: PITTSBURGH, PA. PLANTS: ELLWOOD CITY, PA., WARREN, OHIO 
CONTINUOUS GALVANIZING LINES @ CONTINUOUS ELECTROLYTIC TINNING LINES @ SIDE TRIMMING AND SHEAR LINES AND 
STHER FINISHING EQUIPMENT @ CONTINUOUS BUTT WELD PIPE MILLS @ SEAMLESS TUBE MILLS @ DRAWBENCHES AND 

OTHER COLD DRAW EQUIPMENT @ ROLLS AND CASTINGS @ EXTRUDERS, MILLS, PRESSES FOR RUBBER AND PLASTIC 
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improves continuous 


Strip Pickling 


or more uniform pickling at reduced 


costs — that’s why leading steel producers 
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prefer Wean Continuous Strip Pickling Lines. 
From the McKay Processing Uncoiler to recoiling, 
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the Wean line is engineered to deliver highest 


quality at greatest speed. 


THE WEAN ENGINEERING COMPANY INC... WARREN, OHIO 
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12-Ton Roll Poised for a Bath 


A moment after this photograph was taken, the big 
heated forging was lowered into the quenching tank. 
Temperature of the forging and period of immersion 
were of course closely controlled; the forging was 
a steel roll in the making, and every operation had 
to be handled with the utmost precision. 

When finished and shipped from the Bethlehem 
plant, the roll weighed an even 12 tons. Its overall 
length was approximately 17 ft; body diameter was 
28 in. The purchaser ordered it to his own specifica- 
tions for use in rolling aluminum. 

Rolls like this require the most painstaking care, 
and at Bethlehem they get it. The strictest metal- 


BETHLEHEM STEEL 


lurgical controls are enforced at every step, begin- 
ning with the making of the steel. When a roll leaves 
our shops, it meets all specifications on size, finish, 
hardness, down to the last detail. 

Bethlehem forged rolls are completely dependable 
for cold-rolling ferrous sheets and strip; running- 
down and finishing operations on copper and brass 
sheets; hot- and cold-rolling aluminum sheets; cold- 
rolling aluminum foil. Call us when we can be of 
service; our engineers will gladly cooperate. 
BETHLEHEM STEEL COMPANY, BETHLEHEM, PA 
On the Pacific Coast Bethlehem products are sold by Bethlehem 


Pacific Coast Steel Corporation 
Export Distributor: Bethlehem Steel Export Corporation 
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SIZE 0 SIZE 1 SIZE 2 


CLARK Type CY Starters now available in sizes 


SIZE 3 SIZE 4 


To 


With the addition of the new size 4, the famous 
CLARK line of Type“CY” Magnetic Motor Starters 
now comprises the full range from 0 to 4. This 
means that Clark starters of the proven “CY” design 
incorporating vertical lift magnets are now avail- 
able for more than 95% of industry’ s AC require- 
ments. For installations requiring sizes 5 and larger, 
Clark will continue to supply dependable clapper- 
type starters. 


Clark Type “CY” starters have many outstanding 
design features for more dependable operation, less 
maintenance and longer life. For example—rugged 
construction with twin-break contacts means more 
trouble-free service... contacts can be inspected 
without tools ... movable and stationary coritacts 
can be removed and replaced quickly, coils changed 
and the entire magnet assembly removed—all from 
the front—without special tools and without 
removing the starter from the cabinet or panel. 





IN CANADA: CANADIAN CONTROLLERS, LIMITED 
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Revolutionary arc-quenching principle is an exclusive 
feature of all Clark Type “CY” starters sizes 2 and larger. 
It combines twin-break contacts with strong multi-turn 
magnetic blowouts which force the arc to rotate—alter- 
nately lengthened and confined—so that it moves 
continuously from a hot to a cold spot on the contact 
surfaces. This practically eliminates metal build-up or 
pitting and greatly increases contact life. 


For complete information contact your nearest Clark sales 
office or Clark distributor, or write us direct. 


1146 East 152nd Street ° ° Cleveland 10, Ohio 


e MAIN OFFICES AND PLANT, TORONTO 
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Which advantage is most important to you ? 


* 





You get them all in WHEELABRATOR. mechanical mill roll etching 


The mechanical and automatic nature of Wheelabrator mill roll 
etching brings you all of these advantages. For instance, it 

9 . eliminates the opportunity for human error. Once calibrated, it 

. Uniform etch automatically produces a uniform etch, with optimum penetra- 
tion, roll after roll. This also means longer roll life — as much f 
as 30% more service life. There are no areas of shallow etch to 
cause too-frequent dressing and no areas of too-deep etch to cause 


? Longer roll life waste of roll surface in successive etchings. This uniformity sin 


provides more uniform surface finishes on the final product. 
Variety in type and size of abrasive, velocity and volume of abra- ‘ 
. . “i : ° 
9 B tT (| { f fl sh sive, speed of work travel and rotation and other variables are 
. e ef pro uC | | easily adjusted to provide close control of the surface etch. This 
means a single machine can produce a wide variety of finishes, 
each meeting a precise surface roughness specification. Time and 


9 . cost savings come from speed of etching, which recently has been 
a Time Savings improved by a work car that carries two rolls at once. This not 
only saves etching time but also reduces mill delay. In addition, 
changeover for different finishes is faster and re-roll tonnage is 


-duced because a flatter strip is produced under increased screw- 
i ee eno 


Why not get all of these advantages in your plant for swift, sure 
mill roll etching? 


WHEELABRATOR® [020027 
new improvements in the Wheela- 


Sco ag Peo Re ABT brator method of etching. 





396 South Byrkit Street Mishawaka, Indiana 
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FREE 


New Refractories Handbook 


written especially for electric furnace operators 





This new booklet is the most important “how to” basic brick and ramming mixes in their electric 
handbook on refractories installation methods steel furnaces. 

ever written for electric steel-making furnace . : 

operators All of the recommendations are designed to help 
Many of the suggestions and recommendations you get the greatest savings and the best possible 
in this 48-page booklet have come from our service from proper installations of refractory 
customers, who cooperated in joint studies of brick and furnace grains. 


this Yous To handbook ~ 
Ahows you Tr 


Methods for installing basic brick 

Sub-hearth construction 

, Side wall construction 
Lining around doorway 

Lining pouring spouts 

Roof seal 

Methods for installing ramming mix 
Hearth contour 

Tap hole construction 

Ramming bottoms 

Mixing methods 

Ramming small furnaces 

Ramming large furnaces 

Forms for ramming 

Furnace lining repairs 

Rebuild suggestions 

Suggestions for furnace heat up 
Equipment & materials recommendations 





how to install 
KAISER 
Periclase brick 


on 
. ramming Mixes 


” electric furnaces 





aiser Chemicals 


pioneers in modern basic refractories 


Kaiser Chemicals Division, Dept. R 7431 
Kaiser Aluminum & Chemical Sales, Inc. 


| 

| 
SEND THIS COUPON TODAY bi 1924 Broadway, Oakland 12, California 

FOR YOUR FREE COPIES | 

| 

| 


We suggest that you order enough copies 
of this booklet for every member of your 

organization concerned with improved Name Address 
operation of your electric steel furnaces. City 


| 
Please send copies of your free booklet entitled “How | 
to Install Kaiser Periclase Brick and Ramming Mixes in | 
Electric Furnaces. 


State Position 
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EF FFECTIVE regulation is more than a matter of 
4 good regulator design. It embraces overall 
system design... the integration of interdepend- 
ent components — generators, exciters, motors, 
regulators and other control equipment. As 
manufacturers of a most diversified line of elec- 
trical generation, distribution and utilization 
equipment, Allis-Chalmers, of course, is in a 
unique position to provide this practical ap- 
proach to mill regulation. 


Analytical 
Facilities 
Utilized ... 


System performance is 
simulated in the com- 
puters to get optimum 
configuration of compo- 
nents. Time constants 
and exciter ceilings nec- 
essary for desired re- 
sponse are established. 





Regulex is an Allis-Chalmers trademark 


You Get MORE! E 


...Decause 


ALLIS-CHALMERS 
* “COORDINEERS” 


Entire System 


Allis-Chalmers maintains separate depart- 
ments, staffed by research, design, manufactur- 
ing and application specialists for each product. 
“‘Coordineering”’ results from an interdepart- 
ment exchange of ideas and technical informa- 
tion correlated in one department specializing in 
metal producing industry application. In this 
department, components are matched to meet 
the requirements of your job. Responsibility for 
system performance rests with one company. 








LLIS 
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ALLIS-CHALMERS 
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Regulators 
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"PTT TTT he | For MILL CONTROL 


geaae Reaaeee ee Three Types 
BeRaeeeee at et Available 


“ se * | 7 
5] ~FaLus-cns ve ee Po = REGULEX Rotating Amplifier 

— Applicable where high power 
levels for reversible output are 


- + = -Stp 
aagepigiatal Si 
mea SS = Magnetic Amplifiers — Ap- 
plicable where low power levels 
for reversing or high power levels 
for non-reversing are desired. 































Combinations of Rotating 

and Magnetic Amplifiers 
— Each complements the other for 
maximum regulating efficiency. 


Get all the facts. See your 
Allis-Chalmers representative 
or write Allis-Chalmers, General 
Products Division, Milwaukee 
1, Wisconsin. 
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Magnetic 
Amplifiers 


Regulex 
Rotating 
Amplifier 


CHALMERS 
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15 ton, 40’-0"° span Cleveland scarfing gantry operat 
ing underneath one of two 40 ton, 90°-0" span overhead 
traveling Cleveland Cranes in the Slab Conditioning 
Department. The overhead cranes haul the heavy slabs 
to and from the scarfing bed area. 


SCARFING GANTRY with RAM-TYPE HOIST 


F INTEREST to mill men is the Cleveland 

single-leg scarfing gantry crane in the 
Conditioning Department of the Pittsburgh Steel 
Co., Allenport, Pa. This has a ram-type hoist 
which eliminates the usual swinging of loads of 
conventional cable or rope-type hoists. 
Equipped with two magnets on the ram, 
the gantry crane handles the heavy slabs 
in the area it serves and turns them over 
from one side to the other, enabling the 


scarfers to clean and prepare them quickly, 
ready for rolling. 

The crane is unusual in that no line shafting 
or other mechanical connections between the 
bridge drives at both ends of the crane is em- 
ployed. Each end truck is individually motor 
driven. This method of driving the bridge elimi- 
nates many bearings and considerable gearing 
and is an important factor in reducing mainte- 
nance to a minimum. 


Mopern Att-Wetpeo Steer Mitt Cranes 
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HE American Iron and Steel Institute reports that 

the industry will spend a record $1,700,000,000 in 
1957 for expansion and rehabilitation. This is 42 per 
cent above the 1956 expenditures and, coupled with 
something more than $1,000,000,000 for maintenance, 
represents a tidy market. 

The Institute says that heavy expenditures will con- 
tinue for years to come, with the principal problem 
that of finding funds to finance stay-even require- 
ments and expansion. 


ry 


N American Management Association survey 
shows compensation of top corporate executives 
rose 5.9 per cent last year, identical with factory 
workers. 
Guess things are looking up. 


a 


HE white collar man had his day back in 1846. 

An old history of southern Ohio lists pay for iron- 
worker as $27 a month for the furnace keeper, $30 for 
a blacksmith, $21 for a mule driver, $10 to $27 a 
month for laborers, and $800 a year for the book- 
keeper. The foundryman also drew $800 a year. 

ITS interesting to note that the company store’s 
records show beet at 3 cents a pound, pork at 8 
cents a pound, tea at $1.00 a pound, house rent at 
$2.00 a month, men’s boots $3.75 a pair and a tin 
bucket at 81 cents. 


« 


\ E made a survey of our own and find that 

salaried men in general think their salary 
checks are O.K. All they ask is that they come 
oftener. 


. 


WNHE steel industry's new annual capacities: 

72,970,980 tons of coke, 86,817,950 tons of iron 
and 133,459,150 tons of steel. Now all we have to do is 
keep that capacity busy. Right now a lot of the more 
optimistic forecasters are revising their predictions 
for 1957, but still point out—quite rightly —that it will 
still be a good year. 


* 


\y E recently read a prediction that, by 1975, the 
United States will have free, compulsory col- 
.ege education and high schools will be open twelve 
nonths a year. 
‘Spose they'll teach spelling? 
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YEAR-END report of the U.S. Bureau of Mines 
gives the value of the mineral production of the 
United States at a new high of $17,300,000,000 in 
1956. This figure was made up of $11,805,000,000 in 
fuels, $3,292,000,000 in other non-metallic minerals 
and $2,239,000,000 in metals. 


a 
EMEMBER when they used to say ‘‘A fool and his 


money are soon parted?” 
Now it happens to everybody. In fact, a new mean- 
ing has been given to jumping jack. 


r 


ARNEGIE Institute of Technology, with 328 stu- 
dents scheduled to receive bachelor’s degrees in 
June, has already scheduled interviews for some 400 
business concerns. 
Someone is going away empty handed— and start- 


ing salaries for engineers are expected to average 
about $460 a month. 


o 


F the 23,000,000-ton expansion in annual steel- 

making capacity planned in Russia over the 
next several years, half is to come from new plants and 
half from the use of oxygen, improved production 
methods, etc. 


A 


HE chap next door says middle age is when you 
can do just as much as ever, but don’t. 


o 


ET worth of some union Treasuries makes inter- 
esting reading: 


1946 1956 
Steel workers... $ 4,834,964 .. $21,359,502 
Electrical workers . 7,845,301 52,253,427 
Teamsters...... 17,369,520 36,008,446 
Auto workers. . 715,375 39,405,361 
Ladies’ garment work- 
ee as vith dws 38,086,540... 68,435,676 


Isn't it terrible the way unions have been enslaved 
by the Taft-Hartley Act? 


A 
CCORDING to the U. S. Bureau of Mines, 


marketed production of natural gas in the 
United States totaled 9405 billion cubic feet in 1955. 
Of this, 3939 billion cubic feet went to industry, with 
297 billion cubic feet going to the steel industry. 


A 


HE industrial furnace industry received orders 

in 1956 totaling $108,247,000 from domestic 
customers, $5,665,000 from foreign buyers—the best 
peacetime year for the industry. 


a 


\W ii: inclined to agree with this definition: 
Golf is just a lot of walking, broken up by dis- 
appointment and bad arithmetic. 


« 
AN. of the Hungariarn refugees are trained in 


technical skills and mechanical trades, and are 
being snapped up by U. S. industries. 
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With better than an 80% increase in the consumption of electric power, the far-sighted engineers 
of a large mid-western electric power and light company decided that an addition to their main 
generator building was necessary. To do so meant first removing a 24” thick wall that measured 
210’ long by 31’ high. Removing this wall in the formerly-conventional methods would not only have 
taken too long, but would have cost a great deal. 

At this point CHICAGO CONCRETE BREAKING COMPANY'S demolition experts were called in. 
The question put to them: “Could dynamite be used safely on a wall that was less than five feet from 
operating equipment . . . equipment that meant power and light for an entire city?’ The answer: 
CHICAGO CONCRETE BREAKING not only could guarantee to do the job of removing that wall, 
but would do so without disturbing the operation of that vital equipment. 


12233 S$. AVENUE “0”, Chicago 33, Ill., BAyport 1-8400 


In less than three weeks over 12,600 cubic feet of concrete wall was control-blasted out. A tremen- 
dous savings in time and at a cost that was but one-third of what the “old’’ methods would have been 

. with absolute safety to both men and equipment. . . such were the dividends that CHICAGO 
CONCRETE BREAKING returned to those modern-minded engineers. 

If you have any rehabilitation work coming up — regardless of how complex or “tricky” it 
appears, phone or write today. Our 35 years of experience, know-how and ability are at your 
command to handle your demolition work while safeguarding your vital equipment . . . as we did 
in the above situation. 


EDWARD GRAY, PRESIDENT 
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PITTSBURGH AREA - 213 Corey Ave., Braddock, Pa., Electric 1-1656 


SERVING THE PRIMARY METALS AND OIL INDUSTRIES WITH 
KNOW HOW, EQUIPMENT AND MANPOWER FOR 35 YEARS 
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In heavy-duty drives .. 
demand assurance of 


permanent, / 
accurate 
shaft 

alignment 





It’s yours...with these other “plus” 
performance features — in 


LINK-BELT Parallel Shaft Drives 


Under the shocks and overloads that are often 
imposed upon parallel shaft gear drives, rugged 
housing construction is compulsory if shaft 
alignment is to be maintained. That’s why 





Link-Belt adds special reinforcement at points Ball on Reler Bearings Grease-Lubricated Seals 
P . ° are oO ampte size an ‘ ; ¢ 
of greatest stress . . . has developed this design capaciis th withatend on all input and output 


, . . ge aaa shafts prevent entrance 
expressly for endurance in heavy-duty service. shock and overloading of dirt, water. 


Write for Book 2619 on this broad line with 
ratios to more than 300:1. Or get first-hand 
facts from your nearest Link-Belt office or 
authorized stock-carrying distributor. 


14,243 


LINK®: -BELT 


ENCLOSED DRIVES 


Precision Gears and Automatic Splash 

Shafts are arranged to Lubrication reliably sup- 

provide high reduction plies oil to all gears and 
LINK-BELT COMPANY: Executive Offices, Prudential Plaza, ratios in small space. bearings. 


Chicago 1. To Serve Industry There Are Link-Belt Plants, 
Sales Offices, Stock Carrying Factory Branch Stores and Dis- 
tributors in All Principal Cities. Export Office: New York 7; 
Canada, Scarboro (Toronto 13); Australia, Marrickville, 
N.S.W.; South Africa, Springs. Representatives Throughout 

the World. 
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If you are having trouble with shunts jarring 
loose or being pulled out, we suggest you try USG 
Brushes with Statite. Statite is a permanent shunt 
.connection needing no hammerclips. It can’t be 
jarred out even under severe operating conditions, 
and will assure your electric motors of steady 
maintenance-free performance. Statite eliminates 


tion, Statite shunt connections retain their original 
low millivolt shunt drop, cannot oxidize, and are 
unaffected by temperature extremes. USG Brushes 
are manufactured in a variety of types and sizes 
for all applications from fractional horsepower to 
diesel generator. Grades available include carbon 
and carbon-graphite, electrographitic, graphite, 


the need for riveted shunt connections. In addi- metal graphite, and silver graphite. 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION © SAGINAW, MICHIGAN 


THE UNITED STATES GRAPHITE COMPANY 
SAGINAW, MICHIGAN 


NAME 





TITLE 








COMPANY___ 





ADDRESS - 
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BRISTOL’S 


Instrumentation News 


* News of instrumentation and automatic control in industrial heating and metallurgy « 














Bre: 


HEAT TREATING FURNACE—cold end—at U.S. Hoffman Machinery Corporation’s Scranton plant. 
Heat treatment of projectiles, seen entering furnace at right, is automatically controlled by instru- 
ments at left. 


INSTRUMENTS LIKE THESE control tem- 
peratures in rotary Hagan furnaces 
at U.S. Hoffman Machinery Corpo- 
ration’s plant. One of six installations. 


World’s largest hot-forge shell plant 
gets Bristol control 


Continuous heat control is a must in the manufacture of treated in a two furnace setup. Surface Combustion fur- 


high-explosive shells for the U.S. Army Ordnance Corps. 

That’s why you find Bristol Electronic Dynamaster* 
Pyrometer Controls at U.S. Hoffman Machinery Corpo- 
ration’s Scranton, Pa. plant—the world’s largest hot-forge 
shell installation. 

Rotary furnaces, built by George J. Hagan Co., heat 
the steel billets. Bristol control systems, using round-chart 
Bristol Dynamaster Pyrometers, continuously monitor 
and regulate the heat in three zones in each of these 
furnaces. 

After forging and before machining, the shells are heat 


naces, also controlled by Bristol Pyrometers, heat the 
shells in the first stage before quenching, and second 
stage after quenching. 

Bristol Series 536 Free-Vane* Electronic Pyrometers 
automatically cut off the oil in case of furnace overheating. 

Bristol Pyrometers provide precise temperature con- 
trol for any industrial heating installation. You'll find com- 
plete specifications and prices in Bulletin P1260. Write 
for your copy today. The Bristol Company, 123 Bristol 
Road, Waterbury 20, Connecticut. 6.64 
*T.M. Reg. U.S. Pat. Off. 





Here are the basic elements for finer temperature control. Hundreds of variations available. 





1. Bristol Round-Chart Dyna- 
master Electronic Pyrometers. 


2. Control relay. 


3. Motor operator—for propor- 
tional positioning of final control 
units, such as valves, burners, 
rheostats. 











There’s a Bristol Controller for every furnace and oven. 


BRI 4 i O L TRAIL-BLAZERS IN PROCESS AUTOMATION 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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large tonnage 
steel producer 


“Highly pleased, “say 
operators of pilot installation 
of 6 Lee Wilson furnaces 


The swing to Single Stack furnaces for big 
coil annealing is gathering momentum with 
each new order placed by leading steel 
producers. 


A large Eastern mill was the latest to break 
a long standard multiple-stack precedent by 
purchasing a pilot installation of Lee Wilson 
Single Stack furnaces for purposes of com- 
parative testing. 


Early results indicate that the Single Stacks 
easily outproduce the older style furnaces 
per base and per man. What's more, the 
quality of the steel has never been better. 


“Highly pleased,” say operators of the pilot 
installation. 


If you don’t already have the facts on this 
modern method of annealing, let Lee Wilson 
engineers put you in touch with those who 
have operated both types. 


Lee Wild 


ENGINEERING COMPANY, INC. 


20005 WEST LAKE ROAD CLEVELAND 16, OHIO 


| | SINGLE STACK RADIANT TUBE ANMEALING FURNACES 
. AKE THE BEST METALS BETTER 


* ORIGINATORS AND LEADING PRODUCERS OF SINGLE STACK RADIANT TUBE FURNACES 
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The photograph (left) shows a gen- 
eral view of the pilot installation 
consisting of 6 furances and 15 bases. 
Above is a close-up of one of the 
furnaces being lifted from a charge. 
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BUFFALO FORGE COMPANY 


BUFFALO, NEW YORK 
Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 


VENTILATING AIR CLEANING = AIR TEMPERING 














EW! 


BUFFALO “BLH” 


FOR CLASS Ii THRU iV 
VENTILATING-INDUSTRIAL & 
MECHANICAL DRAFT SERVICE 








THE NEW “Buffalo” Type “BLH” FAN is engineered for instal- 
lations where total pressure requirements of 334” and up exist. 
These applications include mechanical draft, conduit air condition- 
ing and many industrial applications. 


CANTILEVERED INLET VANES eliminate center ring, reducing 
turbulence and improving air flow through the inlet. The die- 
formed inlet vanes and inlet bell further contribute to smooth 
air flow, minimizing effects of unfavorable inlet conditions. 


THE PROVEN BL WHEEL has a deep drawn flange to form a true 
half-circle with the inlet cone. Highly efficient non-overloading 
backward-curved blades, solid back plate and extra heavy hub 
make this wheel ideally suited to this service. 


IMPROVED FAN OUTLET — reduces outlet air turbulence from fan 
cutoff into duct by making more even, gradual 
change from velocity to static pressure. With- 
out this complete streamlining of inlet, 
housing AND outlet, such high efficiency is 


impossible. Smooth Divergent Flow 





86% MECHANICAL EFFICIENCY — made possible by a combination 
of inlet, wheel and housing design. The smoothest “air-ride” in 
fan history. 


“Buffalo” “Q” FACTOR* CONSTRUCTION gives you many years of 
trouble-free service. Housing is all-welded construction. Wheel 
and blades are riveted and welded for maximum strength, the 
basic design having been thoroughly tested in the Vacuum Pit, 
a “Buffalo” exclusive. 


AVAILABLE in wheel diameters from 1814” to 8034”, the new 
“Buffalo” “BLH” merits your consideration. Write for details 
on your company letterhead — today. 


*The "“Q” Factor — the built-in Quality which 
provides trouble-free satisfaction and long life. 





INDUCED DRAFT EXHAUSTING FORCED DRAFT COOLING HEATING PRESSURE BLOWING 
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GEAR TOOTH IS BADLY 
WORN AFTER USING AN 
ORDINARY GEAR OIL 


COMPARATIVE TESTS on identical new worm 


gears demonstrate superiority of Sunep Gear 
Lubricant. Gear on left, using a compounded cylin- 


GEAR SHOWS MINIMUM 
WEAR AFTER USING A 
SUNEP GEAR LUBRICANT 


hn 


ee _ eee 
- . — 





der oil, shows excessive wear at 70 hours. Gear on 
right, protected by Sunep, shows minimum wear 
after running over 200 hours! 


HERES PROOF SUNEP GEAR LUBRICANTS MINIMIZE WEAR 


Sunep Gear Lubricants cut power losses...protect against overloads 
... lengthen gear life...reduce maintenance costs and replacements. 


During recent tests gear units protected 
by Sunep Gear Lubricant showed an abso- 
lute minimum of wear when run at normal 
rated capacity. There was no indication of 
scoring or wear even when run at overloads 
up to 118%! Power consumption was re- 
duced up to 25%. Damage from shock loads 
was nil. 


In addition to outstanding load-carrying 
ability, Sunep Gear Lubricants are ex- 
tremely stable, non-corrosive, prevent rust- 
ing, keep gears and bearings clean. 


: 


For complete information about how Sunep 
Gear Lubricants can help give longer life 
to your worm gear units, see your Sun rep- 
resentative...or write SuN Or, CoMPANY, 
Philadelphia 3, Pa., Dept. IS-2. 


Sunoco 





INDUSTRIAL PRODUCTS DEPARTMENT 


S U N O L COM PANY PHILADELPHIA 3, PA. 


IN CANADA: SUN OIL COMPANY, LTD., TORONTO AND MONTREAL 
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GASMACO 


furnaces for the 


seamless industry 








TUBE MILL FrURNACES 


GASMACO Furnaces are used in the Seamless Industry for all 
heating operations from billet heating to final tube heat treatment: 


Rotary Hearth Furnaces up to 80’ for billet heating — Auto- 
matic Charging and Unloading. 


Reheat Furnaces for plug mills or sizing. 


Walking Beam Multi-Zone Furnaces for Hardening — 
Drawing — Normalizing . . . up to 100-Ton capacity. 


Slot Furnaces for upsetting — high head heating. 


THE GAS MACHINERY COMPANY, INDUSTRIAL FUR- 
NACE DIVISION, 16128 Waterloo Road, Cleveland 10, Ohio. 


In Canada: The Gas Machinery Co. (Canada) Ltd., Hamilton, 
Ontario. 


‘G) Check first with GASMACO for latest industrial furnace designs. 


me GAS Machinery comm 


GAS PLANT EQUIPMENT 
AND INDUSTRIAL FURNACES 
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Air line and take-up reel provides controlled 
air pressure to the Wagner power cluster which 
actuates the brakes. Wagner Air Compressor 
and Tanks, at top of photo, supply the system 
with necessary air pressure service. 








— 


‘ U.S. Steel's wheel charging car is equipped with Wagner type H 
Hydraulic Crane-Bridge Brakes, as shown at left. 





Wagner power brake 
system controls movement 
of wheel charging 


machine for U. S. Steel 


This 21-ton wheel charging car at U. S. Steel Corporation, 
Gary, Indiana plant works at high speed to feed an auto- 
mation line. It takes red hot railroad car wheels from a 
forging press—carefully places them in a re-heating fur- 
nace—moves them to the automated line for shaping, 
trueing and marking. 


System, especially designed for this application, 
keeps this machine under complete control. The oper- 
ators can make safe, sure, precise stops with ease. 

Wagner can now offer such Power Brake Systems to 
meet your requirements. Call your nearby Wagner 
Field Engineer—let him help you make safe, sure 


A Wagner Air-over-Hydraulic Industrial Power Braking stops with your speeded-up charging machines. 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


Wagner Electric @rporation 


6483 Plymouth Ave., St. Louis 14, Mo., U.S.A. 








ELECTRIC MOTORS + TRANSFORMERS «+ INDUSTRIAL BRAKES + AUTOMOTIVE BRAKE SYSTEMS—AIR AND HYDRAULIC 
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Thermalloy Radiant Tubes 
Centrifugally cast, X-ray con- 
trolled, pressure-tested. 


Thermalloy Furnace Rolls 
..-for roller-bottom furnaces. 


THIS 
ISA 
FOUNDRY ? 


Looks more like a chemical lab, 
doesn’t it? And that’s exactly what 
it is—in the Electro-Alloys plant at 
Elyria. It’s typical of our complete 
research and metallurgical facili- 
ties—which also include X-ray and 
physical testing laboratories. 

Out of research and metallurgical 
facilities like this has come the repu- 
tation of THERMALLOY* heat- 
resistant castings—for long-life econ- 
omy inscores of steel millapplications. 
Just a few of these are shown below. 
Your nearby Electro-Alloys repre- 
sentative will be glad to give you full 
information about them, and many 
more. ..or assist you with any high- 
heat-resistant casting problem you 
may have. Why not call him? 

*Reg. U.S. Pat. Off. 








Thermalloy Carrier Blades and 
Chain ... Three types of blades, 
mounted on Thermalloy con- 
veyor chain. 


SRN ll RR Re A AES SE RAEN CS ABRNE «5 le NR 


| AMERICAN | 
| Brake Shoe | ELECTRO-ALLOYS DIVISION Elyria, Ohio 
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By MELVIN NORD, Patent Attorney, Detroit, Mich. 


Patent Reviews 


. Copies of palents may be obtained from the 


Commissioner of Patents, Washington 25, D.C., 


al 25 cents 


Seplember 


|, 


4, 1956 through 


1956 .... 


METHOD OF MAKING BARS 


A U.S. 2,761,204, issued Sept. 4, 
1956, to Bryant Bannister, assigned 
to United States Steel Corp., de- 
scribes a method for making round 
bars or billets which are to be further 
processed into seamless tubes. The 
bar is made directly from the ingot 


as cast, without any substantial 
loss of heat. 
In carrying out the process, a 


round ingot of steel or other metal 
is cast in an ingot mold. As soon as 
it has been cast, the top is sealed by 
plaving a stream of water on it, to 
form a cap or crust which prevents 
air from entering as the shrinkage 
cavity or pipe develops. The ingot 
is preferably 26 in. in diam by 6 ft in 
length, and has approximately 1 in. 
taper per foot of length. After the 
top of the ingot has been sealed, it is 
stripped while very hot and placed 
in the conventional soaking pit to 


Figure 1 
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equalize the temperature throughout 
the ingot. The ingot is then removed 
and thoroughly descaled, preferably 
by impinging a jet of high pressure 
water progressively over the entire 
ingot surface. The ingot is then 
immediately charged into the cylin- 
drical container 2 of an extrusion 
press, as shown in Figure 1. 

Before placing the ingot W in the 
container 2, a plate 4 of glass or 
glass-like material is placed at the 
the 
ingot may be coated with a similar 
material (e.g., it may be wrapped 
with spun glass cloth). The glass 
acts as a lubricant, reducing the 
required extrusion pressure, in- 
creasing the life of the die, 
minimizing surface defects. 


bottom of the container, and 


and 


The ingot is placed in the con- 
tainer 2 preferably with the cavity 
6 at the top. The ram 8 of the ex- 
trusion press is then moved down, 


... palents reviewed cover period 


Seplember 25, 


compressing the ingot and forcing it 
out of the forward end of the con- 
tainer through a circular die 10 of 
the desired diam. Since the ingot is 
subjected to pure compression dur- 
ing the extruding action and since 
the shrinkage cavity is sealed against 
oxidizing gases, the void 6 will be 
closed during extrusion so that all 
but a small butt or slug of the metal 
will be utilized. The reduction ratio 
is between 4:1 and 60:1. The prod- 
uct diameter is 5 to 13 in. 

At no time during the series of 
operations, does the metal drop be- 
low a suitable extrusion temperature. 
The extruded section B is then sawed 
or sheared from the butt remaining 
in the container and is surface con- 
ditioned by passing it longitudinally 
while very hot through a circular 
oxyacetylene torch which burns off a 
After 
this operation, the bar is cut into 


small amount of the surface. 


OTHER PATENTS OF INTEREST TO THE IRON AND STEEL ENGINEER 
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Figure 2 


lengths suitable for the seamless 
mills. 
BILLET IDENTIFICATION 
U. S$. 2,761,229, issued Sept. 4, 


1956, to Robert C. Friedly, William 
G. Tawse, and Robert C. Singleton, 
assigned to Industries, 
method and ap- 
paratus for identifying billets which 
heated their 
melting point, which may be 2000 F 
Such identification is 
the direct result of 
short run operations in steel mills, 


Ciregory 
Inec., describes a 
are being close to 
or more. 


necessary as 


when several types of steel are being 
produced, and when these billets of 
different kinds of materials are in 
the furnace at the same time. The 
identification marker must be easily 
recognized, since the heat prevents 
men from working close to the billets 
for a long period of time. 

igure 2 shows a billet having a 
marker attached to it. Figures 3 
to 12 are plan views of various mark- 
ers, 

The marker 11 in Figure 2 is 
constructed of metal which will 
withstand the temperature that the 
billet will be subjected to during its 
heating. It is fastened to the billet 
10 by end are spot welding, using a 
welding stud 12, as shown. The 
marker is washer- or wafer-shaped, 
and is provided with the spot weld 
hole 13. The stud 12 may be grooved 
and the extension portion broken 
off to leave nearly a flush weld on 
the surface of the marker. 


24 


BILLET HEATING FURNACE 


‘ 


U. S. 2,762,618, issued Sept. 11, 
1956,to John A. Johnson and Robert 
H. Eustis, assigned to Thermal Re- 
search & Engineering Corp., de- 
scribes a furnace for heating steel 
billets. 

As shown in Figure 13, the furnace 
10 consists of an elongated chamber 
11 with a cylindrical ceramic wall 
12. Two fluid fuel burners 13. pro- 
vide the source of heat. The prod- 
ucts of combustion leave through 
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The combustion air to the burners 
13 is preheated by means of the 


recuperator 15, and it also receives 


heat in passing through the conduit 
27 which surrounds the chamber 11. 


As the support wheels 19 rotate, 


they carry heat from the chamber 11 
to the conduit 27. 


STAINLESS STEEL PICKLING 
PROCESS 
U.S. 


1956,to Edgar A. Hahn and assigned 





























Figure 13 


flue 14, and go through a recupera- 
tor 15. Billets 16 pass through the 
furnace countercurrent to the flow 
of combustion gases, a pair of injec- 
tor rolls 17 initiating their entrance 
into the furnace. The billets move 
through the furnace on a series of 
support wheels 19 which project 
partially into the chamber 11. The 
means of driving the wheels 19 is 
shown in Figure 14. The billets 
pass over a ceramic skid 24 and are 
pulled out of the furnace by a pair of 
extractor rolls 25. 
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MESTA Universal Structural 
Mill rolling wide flange beams 


on the 44” Universal Stand Designers and Builders of Complete Steel Plants 
and the 34” Edging Stand at 


sised Sine) Company, ndions MESTA MACHINE COMPANY 


Harbor Work 
arbor Works PITTSBURGH, PENNSYLVANIA 
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Bucket crane of the Level-Luffing type eH le 


operates speedily under EC&aM Contra- ae ae 
Torque Hoist Control te 


ee 







FAST GETAWAY! Quickly responsive to the 
frequency of the induced-rotor voltage, 
EC&M FREQUENCY RELAYS match torque 
requirements to the load. They get the motor 
up to speed quickly for lowering the bucket 
and moving the trolley in or out. A lot of 
time saved between trips! 


WIDE SPEED SELECTION! These relays 
permit pick-up of Contra-Torque lowering 
connections on any master switch speed point. 
No waiting until last down point is reached. 
Wider choice of speed gives greater flexibility 
in clean-up operations and speeds output! 


SMOOTH STOPPING! When checking 
motor-lowering speed, weak torques are pro- 
vided for light loads or the empty bucket; 
stronger torques for heavier loads. Trolley 
motor is stopped and reversed smoothly under 
frequency relay automatic operation! 


SPEED-LIMITING! Safety on all speeds. 





= , These relays (one set for hoisting and lower- 
=. Scan af ies seman a : ing) automatically shift motor connections to 
ECaM Contra-Torque Hoist Control safeguard lowering operation with far greater 
a | — = —4 é skill than human hands. 








THE ELECTRIC CONTROLLER & MFG. CO. 


A DIVISION OF THE SQUARE D COMPANY 
CLEVELAND 28 + OHIO 
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to Lyon Inc., describes a method of 
pickling wrought stainless steel of 
the chrome-manganese type with a 
mixture of sulphuric acid and nitric 
acid. The concentration of nitric 
acid in the pickling solution is 8 to 
12 per cent and that of sulphuric 
acid is 10 to 15 per cent, and the 
pickling temperature is 140 to 160 F. 

The extremely active chemical 
combination of sulphuric acid and 
nitric acid results in effective re- 
moval of even the most chemically 
inert oxides, and this removal takes 
place down to the bare metal sur- 
face. As soon as the bare metal sur- 
face is reached, however, the nitric 
acid (coupled with the unique inert- 
ness of the stainless steel) renders the 
steel surface passive towards cor- 
rosion, 


REMOVING SCALE FROM 
WORKPIECES 


U.S. 2,762,729, issued Sept. 11, 
1956 to Roland B. Snow and as- 
signed to United States Steel Corp., 
describes a process for the removal of 
scale from steel which has been 
heated to forging temperatures, 
without a substantial heat loss. 

According to the inventor, furnace 
scale can be liquified and thereby 
removed from steel at a considerably 
lower temperature than the fusing 
temperature of scale, which is ordi- 
narily above 1400 C. 
complished by contacting the fur- 


This is ac- 


nace scale with lime at a temperature 
between 1080 and 1400 C. The scale 
becomes a very fluid liquid which 
will either flow off or can easily be 
blown off the heated metal. 

The process is equally applicable 
to all carbon and low alloy steels, 
though it is not particularly effec- 
tive for removing scale from steels 
containing large amounts of chro- 
mium or nickel or both. 

The slag resulting from liquifying 
scale with lime can be used in charg- 
ing open hearths, thus recovering the 
iron. 


CONSUMABLE GLASS FIBER INGOT 
MOLD LINER 

U. S. 2,763,043, issued Sept. 18, 

1956, to Nicholas J. Grant and as- 

Lukens Steel Co., de- 

scribes a method of casting steel 


signed to 


ingots free of surface imperfections 


and defects, making use of a liner of 
glass fibers. 

In Figures 15, 16, 17, 18 the 
numeral | represents an ingot mold. 
Supported by means of suspension 
elements 3 within the mold is a 
fiber glass liner 2. Molten metal 5 
enters the mold from a pouring spout 
6. The liner 2 prevents the splash- 
ing from striking the mold wall 
and forming surface imperfections 
on the ingot. The fiberglas melts 
away at the contact 
shown in Figure 16. 

A single thickness of woven fiber- 
glas cloth which is 0.040-in. thick 
works best. 


surface, as 


INTRODUCTION OF BORON INTO 
STEEL 


U. S. 2,755,181, issued July 17, 
1956, to Etienne Spire and assigned 
to L’Air Liquide, Societe Anonyme 
pour |’Etude et l’Exploitation des 
Procedes George Claude, describes a 
process for introducing boron into 
steel in order to increase its harden- 
ability, thereby man- 
ganese, nickel, chromium, or molyb- 
denum. 

The normal procedure to add 
boron to steel is to use ferro-boron, 
complex  ferro-alloys. 
However, the results have not 
been there 
is much variation in the recovery 
and a danger of hot-shortness and 
brittleness resulting from overdos- 


replacing 


borax, or 


satisfactory, because 


ing the steel with boron, i.e., adding 
more than 0.006 per cent 
Another difficult problem is the con- 
trol of nitrogen in the steel and the 
proper proportioning of boron to 
nitrogen. 

The invention disclosed in this 
patent avoids these difficulties by 
reducing the acid 
soluble nitrogen content in_ steel, 
while introducing boron from a re- 
ducible borating agent such as alkali 
metal borate or an alkaline earth 
metal borate or boron oxide, reduced 


boron. 


simultaneously 


with a reducing agent such as alu- 
minum or carbon. The operation is 
performed in a ladle. The nitrogen 
is continuously eliminated by flush- 
ing the metal with a non-oxidizing 
nitrogen-free gas such as argon or 
helium. This flushing or bubbling 
action also strongly agitates the 
free surface of the metal, thus stir- 
ring the highly basic slag to which 
the borating agent and reducing 
agent have been added. 
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Would pitch-impregnated 
nipples save us money ? 








Let’s call Great Lakes 
Carbon — they've always 
heen helpful, and they're 
good people to work with! 





ELECTRODE 


Cle GREAT LAKES CARBON CORPORATION 
° 18 E ' , N.Y. ° 


DIVISION 
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More tin plate... 
mirror finish, precise alloy 


Westinghouse line drive and control equipment for exacting, high-speed 
reflow methods helps your electrolytic tinning lines produce more salable 
tin plate . . . faster. 


Here’s how you can give your tin plate 


a competitive edge SS 


YOU CAN BE SURE...1F ITS Westinghouse 8): 














With Westinghouse radio-frequency equipment .. . 


Smooth, lustrous 


tin plate at speeds 
of 2100 ftpm, 
and beyond 


Westinghouse equipment for tin-plate reflow operations helps you 
produce the delicate alloy balance necessary to form tin cans 
easier, maintain high production rates. 

Westinghouse radio-frequency induction heating equipment for 
high-speed lines . . . both horizontal and vertical acid type. . 
keeps coating thickness precise and constant by automatically ad- 
justing plating current in proportion to line speed. Electromag- 
netic induction, transferring power to the strip without physical 
contact, melts the tin and creates a bright, nonporous surface. 

This process works so fast that it produces an actual flow line 
on the moving strip. A photoelectric scanner continuously scans 
the flow line and uses it to maintain heating at the precise, desired 
level. There’s no overheating or underheating . . . the electric 
equipment is capable of maintaining speeds of 2100 fpm and be- 
yond. You save valuable tin, reduce menders and boost output 
of prime tin plate. Production scheduling is simplified because 
photoelectric scanner handles most changes in gauge and speed 
without adjustment. 


How Line Control Operates 


Magamp* magnetic amplifier regulators (VR) control voltage of 
the entry, main and delivery generators assuring fast, even ac- 
celeration and deceleration and minimum loop variation during 
steady operation. Loop regulators act as verniers in controlling 
generator voltages. 

Magamp current regulator (CR) for booster and Magamp coun- 
ter emf regulator (CEMFR) for motor work together to maintain 
regulated tension by the pay-off reels (POR) and winding reels 
(WR). Inertia compensation (IC), proportional to accelerating 
loads and stall tension signals, is introduced through the (CR) 
circuits. 

Photo-thyratron loop regulators (LR) provide modulated con- 
trol of storage loops for smooth operation. 

Electronic regulators control top and bottom plating current to 
deposit proper tin coating on each side at all line speeds. 

Machine characteristics are selected for optimum drive per- 
formance. Entry section pinch roll (PR), master bridle roll 
(MBR), and drag bridle No. 2 (DB-2), the pace setters of their 
respective line sections, are shunt-wound for flat speed-load char- 
acteristics. Tank drives (T) have high drooping characteristics 
which result in their developing only the power required to over- 
come their friction losses and inertia loads. Reel motors have over- 
load capacities suitable for accelerating the large coils now used 
in most mills. *Trade-Mark. 


you CAN BE SURE...1F ITS 


Westinghouse 
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New Westinghouse fault finder 
trol circuits simultaneously, indicates system 


faults instantly ... 
trouble shooting easy. 
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monitors con- 


remembers them . .. makes 
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WESTINGHOUSE EQUIPMENT SERVES THESE USERS 








RATED 
LINE 
SPEED TIN FLOW 
COMPANY LOCATION FPM EQUIPMENT 
Jones & Loughlin Stee! Corporation Aliquippa, Pa. 660 600 kw, RF 
Jones & Laughlin Stee! Corporation Aliquippa, Po. 2100 1800 kw, RF 
Republic Stee! Corporation Niles, Ohio 1000 1000 kw, RF 
Republic Steel Corporction Niles, Ohio 1400 1400 kw, RF 
Stee! Mill California 1500 3000 kva, 
conductiont 
Weirton Stee! Companyt Weirton, W. Va. 1300 1200 kw, RF 
& Weirton Steel Company Weirton, W. Ya. 1300 1200 kw, RF 
Weirton Steel Company Weirton, W. Vo. 2100 2400 kw, RF 
Weirton Steel Company Weirton, W. Va. 2100 2400 kw, RF 
Youngstown Sheet & Tube Company indiana Harbor, iad. 600 600 kw, RF 
Youngstown Sheet & Tube Company indiona Harbor, Ind. 2100 2400 kw, RFT 





TtNot yet in operation. [Division of Notional Stee! Corporation. 





n- Westinghouse 2400-kw oscillator Photoelectric scanner measures Several other electrolytic tinning lines have Westing- 
>m equipment supplies high-frequency light reflection of passing strip, house conduction or radio-frequency reflow heating 
ces power to inductor coils. Generator regulates radio-frequency power equipment, but line drives of another manufacture. 


output can be raised or reduced application in fraction of a second 
90% in a couple of seconds. through saturable reactor. 








World’s fastest 
tinning lines are 
Westinghouse-equipped 


Engineering for electrolytic tinning lines is the most demand- 
ing in a steel plant, and Westinghouse pioneering in this field 
dates back to early attempts to deposit tin electrolytically on 
steel strip. Westinghouse has supplied all the electric line drive 
and tin reflow equipment for the higher speed horizontal acid 
type lines, and is now building equipment for the highest 
speed, vertical acid type. 

The fastest tinning lines have as many as 150 individual d-c 
motor drives. Combining these drives, the generators that sup- 
ply power to them, the 12 to 15 operators’ stations, and the 
100-foot-long controller into a coordinated drive system re- 
quires the kind of engineering and manufacturing talent 
Westinghouse can give you. 

Reflow equipment, electro-cleaning and chemical treatment 
generators, switchgear, and numerous individual a-c motor 
drives and controls for pumps, scrubbers, welders and machin- 
ery adjustments must also be integrated into the system. 


From planning to design, installation and start-up .. . 
Westinghouse brings decades of experience to you. A Westing- 
house team will accept unit responsibility, and work with your 
engineering staff and consulting engineers in setting up your 
tinning line. 

Contact your Westinghouse sales office for further details. 
Ask for a copy of B-6072, Westinghouse Drives for Processing 
Lines. Or write, Westinghouse Electric Corporation, 3 Gate- 
way Center, P.O. Box 868, Pittsburgh 30, Pennsylvania. 


you can BE SURE...1F ITS 


Westinghouse 





Westinghouse d-c motors withstand tough treat- 
ment because Bondite* and Bondar* insulations 
have twice the life expectancy of ordinary insula- 
tion. This means longer service from drive system, 
as well as the motors. 


*Trade-Mark 





Magamp regulators have no moving parts, brushes, 
commutators, bearings . . . bring outstanding pre- 
cision, dependability to line drive control. 





Westinghouse large motor-generator sets are built 
with Thermalastic® insulation which provides 
20% greater dielectric strength, 10 times greater 
voltage endurance, 30 times greater tensile strength 


than ordinary insulation. 
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Rust-Oleum is distinctive 
as your own fingerprint. 
Accept no substitute. 
























































Rust-Oleum’s unusual resistance to extremes 
in rust-producing conditions—from sun and 
salt water to humidity, moisture, fumes, and 
weathering—assures you of lasting beauty. 
Long wear made possible, because 
Rust-Oleum’s specially-processed fish oil ve- 
hicle works down through the rust into the 
tiny, microscopic pores in bare metal to 
STOP RUST. Important savings are realized 











by applying Rust-Oleum 769 Damp-Proof 
Red Primer over rusted metal after scraping 
and wire-brushing to remove rust scale and 
loose rust—as costly surface preparations are 
usually eliminated. See how Rust-Oleum can 
save you money...in your plant, or your 
home. Prompt delivery from Industrial Dis- 
tributor stocks. Write for illustrated litera- 
ture with color charts. 


RUST-OLEUM CORPORATION * 2443 Oakton Street * Evanston, Illinois 








RUST-OLEU 









Radioactive tracing 
studies prove Rust-Oleum 
penetration through rust 
to bare metal. 


MANY ATTRACTIVE COLORS 
Rust-Oleum finish coatings in Aluminum, 
White, Red, Gray, Green, Blue, Black, and 
Yellow provide double protection for tanks, 
machinery, girders, equipment, metal sash, 
wire fences, etc. Write for illustrated litera- 





ture with color charts. 


Iron and Steel Engineer, February, 1957 


ee 





RUST. 


Rust-Oleum and Stops Rust are 
brand names and registered trademarks 
of the Rust-Oleum Corporation. | 














Listen, friends, to the hideous fate 
of the man who learned about cables too late 


Lucius K. Watt was an engineer 
He was eager and honest and able, 
And one of the things he did for his firm 
Was to buy electrical cable. 


Now he knew all the people at Okonite 
But with orders he’d seldom reward ’em, 
‘“‘Because,”’ he would state, “the cables are great 
But who in the world can afford ’em?”’’ 











(Now that was a fault of the late Lucius K’s— 
That he had such a silly illusion; 

For Okonite insulates cables all ways: 
Strip, taping, dip and extrusion. 


Only Okonite uses all methods, you see— 
Our prices are not always highest; 

And thus when you ask us what cable to use 
Our recommendation’s unbiased. ) 


So Lucius K. Watt went out and he bought 
A cable he heard was a bargain 

And this was too bad, for Lucius was had... 
By some Madison Avenue jargon. 





The thing was installed (with a minor defect) 
In a most inaccessible place; 

When Lucius K. Watt went out to inspect... 
The cable blew up in his face! 





VIE 
Lucius K Watt 
We hate to relate this horrible fable tae nat wet ey 
But here is the moral for all: — 
If you should desire a superior cable— 
By extrusion or strip . . . by taping or dip 
Just write us a letter, or call. 











No matter what insulation or method of application you 
want (and we use them all) you'll get the best of its kind 
from Okonite. For a frank, down-to-earth discussion on 
cable insulating methods, write for Bulletin IS-1106, 
The Okonite Company, Passaic, N. J. 





where there’s electrical power... there’s OKON ITE CAB LE 


4754 
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“We forged 10-foot rings 
from a 5-foot ingot... 
in stainless steel” 


says John Matthews, 


U.S. Steel General Foreman—Forging 


It required many days to take the photographs on 
this page, days of forging and re-heating. The 
forgings are made from type 304 stainless steel, 
and they’re destined for a nuclear power plant. 
Now read why it took so long to make them. 


Stainless is strong and stiff, even at forging 
temperatures. It requires more passes 
through the press, more die pressure, and 
the dies wear out faster. If you forge it too 
long, so that it gets “cold,” it will develop 
small surface cracks beneath the great jaws 
of the press. 

In John Matthews’ words: 

“We started with a 59” fluted ingot and 
forged it down to a 40” octagon, then sliced 
it into three flat discs. The thickest disc was 
forged down to 18”, and we put a 23” hole 
through it with steel punches. Then it was 


worked over the big steel mandrel to fin- 
ished size: 119” outside diameter, 80” in- 
side diameter, 1014” thick. The other two 
rings were somewhat thinner.” 

It was a tricky job, but USS Quality 
Forgings like this are being turned out every 
day because we’ve got the men with the 
skill to do the job right. 

We'll certainly appreciate your inquiries. 
Send them, or requests for our free 32-page 
booklet on USS Quality Forgings to: United 
States Steel, Room 2801, 525 William Penn 
Place, Pittsburgh 30, Pa. 











USS QUALITY FORGINGS 


heavy machinery parts . . . carbon, alloy, stainless 


forged steel rolls and back-up roll sleeves 
electrical and water wheel shafts 


specialty forgings of all types 


UNITED STATES STEEL 






















On this punishing assignment... 







4 Totally enclosed, non- 

ieee, Ventilated, A-C motor 
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Locked bearing ) 
; construction 


Louis Allis motors sturdily absorb severe physical abuse 


Providing the power for a car-shaker is a punishing 
assignment for an electric motor. It’s a tough test, 
calling for physical characteristics not usually de- 
manded of electrical rotating equipment. The slight- 
est flaw in mechanical design or construction may 
result in destruction of the motor. 


Here’s where Louis Allis special-motor engineer- 
ing talent met and solved a tough materials-handling 
problem. Here’s where really solid industrial con- 
struction and quality features pay off in dollar-sav- 
ing uninterrupted material movement. Features like 


LA-114 


special bearing construction eliminate end play ... 
take heavy loads . . . lengthen bearing life. They'll’ 
pay off in your plant, too. 

Ask a Louis Allis sales engineer to survey your 
materials-handling motor and drive needs. He’s a 
motor expert and will make sound recommenda- 
tions, without obligation, of course. 

Get the Louis Allis “Consolidated Catalog,” Bul- 
letin 105. Contact your nearby Louis Allis District 
Office, or write The Louis Allis Company, 450 East 
Stewart Street, Milwaukee 1, Wisconsin. 


LOUIS ALLIS; 


’ 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE-SPEED DRIVES 
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At No Extra Charge 








---A MAJOR IMPROVEMENT 
IN LUBRICATING SPHERICAL ROLLER BEARINGS 








OTsTeTlolib Mmtlolaiaelsl Mill -te-te Mal Ml ol-telalale Maleleltiale Male 
a fitting in the side of the housing cap. Flow path was 





algeltle LsMial-imol-telalale B 





LO)’ ME alin lelaleclal MI Mlaliceleltla-teMlalaeltlolMeMiliilile 

the center of the housing cap and moves along a 
el geloh Z-Melalol Mm Muiloleslial-te Melee] late Misl-Maiaatlihi-le-1ela-meh 
al -Mol hi -imialile mm se ltlel i hae yolela-teMalol(-tMelsil-teoMM ul -malile| 
permit the lubricant to enter the center of the bearing 





Nobody but SKF Offers This to You 
on Spherical Roller Bearings 


use 
AY... Once again & KF offers another important innovation away from the bearing and, with it, any abrasive dust, 
CThev’ll? in spherical roller bearing design. Available in spherical dirt, moisture, or other impurities. 
roller bearings 140 mm (5.5118”) O.D. and larger, this You can use this improved bearing in your existing 
aii feature represents a still further improvement to the housings simply by moving the lubrication fitting to 
Rs ‘ proven &#F Type “C” Spherical Roller Bearing. the center. 
1enda- The new design allows the lubricant to enter at the Here again is an example of how SKF helps you to 
center of the bearing and move outwardly—completely obtain longer bearing life, at no added cost. Send for 
» Bul ¢ covering all working surfaces. Old lubricant is flushed Bulletin No. 443 for complete details. 
istrict 
0 East 


LIS) 


EVERY TYPE—EVERY USE 


geo 


f Ball Bearings 


Cylindrical Roller Bearings 


i r : SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 
Ss ® Spherical Roller Bearings : 
VE \ Tapered Roller Bearings (“Tyson ) 
, 1957 "9 ohne. UA. on. on. cen Bearing Corporation 
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carbon tin plate strip installed 
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heating and soaking zones of 3000 KW for a rated 
production of 37,000 Ibs/hour on .0099” x 33” wide 
strip running at 550 FPM. 

Furnace equipment is designed to handle strip 
in thicknesses from .0075” to .020” in widths vary- 
ing from 19” to 38’. 

HNX atmosphere gas is used to purge the fur- 


nace. 


RED LION ROAD and PHILMONT AVE., 
BETHAYRES, PA. 








The Heyl & Patterson Turnover Car Dumper 
and the Ore Bridge in the foreground typify 
the services rendered to the Steel Industry. 


From railroad car to blast furnace high-line 


the handling of ore is entrusted to 
Heyl & Patterson equipment. The 
stock pile is wider and higher, the 


operation more economical, and stor- 
ing and recovering of ore is accom- 
plished at higher rates of speed. 
Every time you install an H&P 
Traveling Turnover Car Dumper or 


Barge and Boat Unloaders Coal Bridges 


an H& P Ore Bridge, or both as in this 
plant of The Pittsburgh Steel Com- 
pany at Monessen, Pa., you are em- 
ploying the best tools for bulk ma- 
terial handling. 

Over 70 years, H&P engineers 
have established a reputation for our 
products. We strive to continue in the 
forefront of progress. 


Ore Bridges 


Barge and Car Haul Systems Hydraulic Buffers and Rail Pig Casting Machines 
Clamps for existing Bridges, 


Car Dumpers: Rotary, Turnover Gantry Cranes and Unloaders 


When Experience Counts... is & Palloton 
Count On Heyl & Patterson 


INC. 


55 FORT PITT BLVD., PITTSBURGH 22, PA. © COurt 1-0750 
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Specialized Conveying Systems 






in the field. 










Differential Converter mer- 
curyless pneumatic trans- 
mitter can 
steam, air or gas flow mea- 
surement. Rugged and sen- 
sitive, it is easily calibrated 


used for 















At the turn of a dial, the furnace operator can set the required total Btu 
input for a multiple-fuel open hearth furnace. The Honeywell Fuel-Air 
Ratio control system automatically uses as much byproduct coke oven gas 
as is available, adds oil as needed for the total Btu input, and adjusts both 
fuel and air in correct proportion. 


Flow of viscous 
fluids such as 
Bunker C oil, tar 
and pitch is mea- 
sured by this Area 
Meter. Linear elec- 
trical signal is trans- 
mitted for remote 
indicating, record- 
ing, controlling or 
totalizing. 



















Instrumentation for every furnace...every fuel 


Air or gas flow is metered by this bell type 
meter body, which transmits electrically 
to remote instruments on the control panel. 

















For graphic or centralized con- 
trol, Tel-O-Set miniature indi- 
cators, recorders and controllers 
save panel space . . . provide 
accurate, flexible instrumenta- 
tion for temperatures, flows, 
pressures. 


Honeywell 












ee 
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Nietered Fuel-Air 


Ratio Control 


saves fuel dollars 


Fully automatic systems cut costs on single, 


alternate, or combined fuel-fired installations 


ONEYWELL metered fuel-air ratio con- 

trol systems on your furnaces will get 
the maximum Btu’s from available fuel. 
Moreover, in addition to saving fuel dollars, 
these systems are designed for operating 
convenience. 


For example, an operator can check fir- 
ing conditions by merely glancing at the 
large, easily-read charts and scales on the 
ElectroniK controllers. With the turn of a 
knob, he can set up automatic Btu input 
control, or switch over to manual control for 
startup or emergency operation. 


Honeywell metered fuel-air ratio control 
systems are, fundamentally, fuel savers, and 
are applicable to gas, oil, tar, pitch, air, or 
steam flow measurement and control. They 





provide direct and immediate indication of 
set points and ratio settings. Where panel 
space is limited or where graphic centralized 
panel operation is desirable, Honeywell 
miniature Tel-O-Set instruments can be sup- 
plied in these systems. 


Each system is individually engineered to 
your specific furnace and fuel requirements. 
For a discussion of what Honeywell metered 
fuel-air ratio systems can do for you, call 
your local Honeywell sales engineer . . . he’s 
as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa.—in Canada, 
Toronto 17, Ontario. 


@ REFERENCE DATA: Write for Data Sheets No. 4.3-4a, ‘‘Fuel-Air Ratio Control Systems” — and No. 6.4-12, *ElectroniK Inductance Bridge Receivers.” 


H Honeywell 


BROWN INSTRUMENTS 


Fiat we Coutiols 
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Whatever your needs in clean air | 


General plant ventilation. 





Protection of product quality. 
Cooling of electrical equipment. } 


Protection of product finishes. 


uf OW N = 


Protection against fumes and oil mist. 


AAF has the equipment to do the job 


1 Electronic precipitators. 








2 Dry-type filters. 


3 Viscous filters. 











+ - * + 4 
With the maintenance characteristics you want 
1 Filters that are automatic, self-cleaning. 
2 Filters that feature renewable media. 
3 Filters that are reconditioned by washing. 
4 Filters that are thrown away when soiled. 
Herman Nelson (- al ¥ ¢ Herman Nelson 
Unit Blowers Pt) Propeller Fans 
A L oe — 
Fe 
” * all 
a ir giTer = — setter AIR IS OUR BUSINESS —— 
COMPANY, INC. 
302 Central Avenue, Louisville 8, Kentucky 
American Air Filter of Canada, Ltd., Montreal, P. Q. IMinois Air Filters ond : 
Heating Specialties | Precipitators q 








44 lron and Steel Engineer, February, 1957 





Heat control tube j; Container 


This 1760 ton unit, FIRST of several to be erected in the United States, is now 
being installed at a plant of GENERAL CABLE CORPORATION 


Changing tangs Unique advantages may be attained with this small unit 


Sheath sprayer 
Cable of any desired length can be sheathed, up to 23 in. or 4 in. o. d. 
respectively * High efficiency, as two solid billets are extruded against 
each other with low power requirements * Direct self-contained oil- 
hydraulic pump drive for the extrusion, combined with accumulator 
for shortening the dead periods * Simple and quick automatic operational 
sequence * Smooth, perfectly welded cable sheaths with a uniform grain 
structure * Effective heat protection of the cable core insulation * Economi- 
cal production even of very thin-walled tubes, and of sections and wire 


FELLER ENGINEERING COMPANY 1159 Empire Building, Pittsburgh 22, Pa. 


HOT AND COLD ROLLING MILLS » COUNTERBLOW HAMMERS + HYDRAULIC PRESSES 
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200 tons of steel slabs are heated to roll- 
ing temperature every hour, continuously, in 
each of these Surface monsters—world’s larg- 
est slab furnaces. 


No other furnace today can list all of 
these features: 


Cantilever skid supports* permitting un- 
obstructed combustion space for underfiring. 

Furnace lines and burner design which 
provide high heat input from the moment 
the slab enters the furnace. 

Built-in control* to prevent intermingling 
of gases from upper and bottom zones, pro- 
viding better control of heat application, and 
preventing overheated slab end. 

Anticipatory control which reduces tem- 
perature head when rate of slab discharge 
decreases. 

Air preheat up to 1100°F. 

Television signal to pusher pulpit, inform- 
ing operator of the exact position of the 
leading slab. 


About the only conventional feature in 
these giants is the fact that the slabs are 
pushed in one end and out the other. 

This is another demonstration that, at 
Surface, unconventional thinking and con- 
ventional experience are a productive team 
for the steel industry. Surface Combustion 
Corporation, Toledo 1, Ohio. 

“patents pending 


























Surface 


Asseciated Companies: British Furnaces, Ltd., Chesterfield STEEL MILL EQUIPMENT 
+ Stein & Atkinson, Ltd., London * Stein & Roubaix. Paris 
« S$. A. Belge, Stein & Roubaix, Bressoux, Liege ° 
S. A, Forni Stein, Genoa »* Chugai Ro Kogyo Kaisha, Ltd., 






Osaka + Benno Schilde Maschinenbau, A. G., Bad Hersfeld. 











If you are ever going to need an 


OVERHEAD 
CRANE... 


you need this book, now! 


Before you take the first step in planning your next overhead-crane pur- 
chase, you owe it to yourself and your firm to protect that “big-ticket” 
lifetime investment by reading this booklet, “How to Evaluate Crane 
Bids.” Don’t wait until the specifications are drawn up. Accurate guid. 
ance from the first planning stages will help insure the best return from 
your crane investment. 


Harnischfeger, leader in overhead cranes, offers an unmatched source 
of background and experience in helping you choose a crane installation 
— with no obligation, of course. P&H have pioneered every major crane 
advancement . . . including Magnetorque, for precision control, and now 
the new Electronic “stepless” crane control for the ultimate in smooth, 
precise performance. 

Send for this free booklet, now. Write Dept. 101G Industrial Division, 
Harnischfeger Corp., Milwaukee 46, Wisconsin. 
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New Automatic Attachment is 
COIL UP-ENDER AND RAM IN ONE! 


1. 


Picks up coil in vertical posi- 
tion and rotates to horizontal 
or vice versa... handles up to 
60,000 Ib. coil. 









Z. 


Holds coil securely through- 
out rotation...prevents 
telescoping...no distortion, 
no damage to coil ends. 


Only Automatic Has It! 


Another important “first” for Automatic engineer- 






ing...this attachment eliminates the necessity for 
separate up-ending units in handling steel coils 
weighing up to 60,000 Ibs. Flexibility in handling 
and storage is substantially improved and useful- 
ness of the heavy duty ram truck is correspondingly 
increased. The coil is held securely, at any stage of 
rotation with a minimum of pressure, eliminating 
damage to coils. 


A © at This unit is now available on the new Auto- 
e ° . ° 
Automatic \ matic HR Series electric trucks or as an attach- 

: ' ’ } ment for any Automatic truck of suitable 
47 West 87th Street ewe eee ee 
Chicago 20, Minois, Dept. B-7 =~ design and capacity. Write today for further 






3. 


lransports coil in any posi- information. 
on; can be replaced by forks 
r ram for other uses. WORLD’S LARGEST EXCLUSIVE BUILDER OF ELECTRIC-DRIVEN INDUSTRIAL TRUCKS 
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a few of the many types of 


SPRAYING SYSTEMS CO. 
spray 
nozzies 


. .. for such operations as roll cooling 
on hot and cold mills * descaling * runout 
table cooling * pickling line * cooling 
slabs on transfer table * cooling ingot 
molds * cooling open hearth tunnels 
or checkers * cooling pigs * coke chemical 
processing * spraying lubricants ° 
and air and gas washing 


For every spraying operation, you will find Spraying Systems spray 
nozzles offer impressive, measurable advantages. That is why so 
many mills today specify Spraying Systems spray nozzles for every 
application. Made in a very wide range of types and sizes to provide 
exact performance to meet your requirements. To improve opera- 
tions where spraying is involved, try Spraying Systems spray nozzles 
....the engineered products of America’s leading designer and 
manufacturer of spray nozzles for industry. Your inquiry is cordially 
invited. 


SPRAYING SYSTEMS CO. 


3262 RANDOLPH STREET * BELLWOOD, ILLINOIS / 


Write for your FREE copy of new Catalog No. 24... the most 


comprehensive spray nozzle catalog ever produced. 
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Penetrating Heat 
by North American 


Tile support for use in’ thin’ walls 


Threaded : High grade tile hooked to 
observation port geet CAR gS: eens heavy duty mounting plate 


a 


——- 


i ~ 


Compact 


Gas connection can be — 


rotated to 4 positions 


Series 4545L Praneime pe Series 4545 





Nozzle-Mixing Gas Burners 


High velocity central jet gives deep penetration 


Sealed-in for complete atmosphere control 


Provision for flame safety with ignition pilot 


5 Sizes — 3” to 8’ — 1.5 to 12.4 million Btu/hr 
3’' to 8%’ flame length with 1 psi air 


for additional information consult your local n. a. engineer or write for bulletin 4545 


the NORTH AMERICAN omfg co 


a Combustion 


ae JOT, 4455 East 71st St. * Cleveland 5, Ohio 





ae aan we oe 
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General Electric explores new areas 


with experimental millby BIRDBDSBORO 


@ New metals are coming on the market, but only through 
experimentation can their capabilities be determined. In 
Schenectady, N.Y., General Electric has installed in its new 
laboratory a Birdsboro 16’’-10"’ bar mill, designed to help 
scientists seek out the unknown factors of these new metals 


through experimentation and specialized production. 


The mill features 2 stands of different pitch diameter to 


accommodate the large range of product size required. The 


16’’ roughing mill includes a motorized screwdown for high 
speed roll setting when performing slabbing operations. It 
also permits use of a bull head and grooved passes to get a 


wide range of product with a minimum of roll changing. 


BIRDSBOROG 


Again, Birdsboro has developed a mill that not only sets 
the pace in design, but through expert utilization by General 
Electric will help in opening new fields in metals production 
When extraordinary results are desired, more and more 
companies turn to Birdsboro . . . and it pays! For mor 
details of Birdsboro leadership in customized mill machinery, 


write to: 


Birdsboro Steel Foundry & Machine Co., Birdsboro, Pa. 


District Office: Pittsburgh, Pa. 
Engineering Subsidiary: Engineering Supervision Co. 
120 W. 42nd St., New York 36, N.Y. 


STEEL FOUNDRY AND MACHINE CoO. 


STEEL MILL MACHINERY + HYDRAULIC PRESSES (Metalworking and Extrusion) » CRUSHING MACHINERY « 
SPECIAL MACHINERY + STEEL CASTINGS + “CAST-WELD” Design + ROLLS: Steel, Alloy tran, Alloy Stee 
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ENGINEERING OFFICES: SYRACUSE * BOSTON * CHICAGO * DETROIT * TORONTO * PITTSBURGH * CLEVELAND * MILWAUKEE * SEATTLE * HOUSTON.* PHILADELPHIA * LOS ANGELES * SAN FRANCISCO 


ROLLWAY 


BEARINGS 


Rollway Type CT 
Crane Hook 
Thrust Bearing 


Rollway Type WCT 


Crane Hook 
Thrust Bearing 





Reflecting the newest standards for the se- 
lection of crane hook bearings, the tables con- 
tained in this Rol!lway bulletin are founded on 
basic static load ratings. 

This approach takes into account the ability 
of Rollway-built rollers and plates to recover 
from temporary deformation due to static load- 
ing, as soon as the bearing starts to rotate. 

Actual bearing capacities of Rollway Crane 
Hook Bearings are higher than those given in 
the tables, because in most crane-hook applica- 
tions the bearing is operating under slow speed 
conditions. 


Crowned Rollers Provide Even Load Distribution 


The crowned rollers used in Rollway Crane 

Hook Bearings eliminate the harmful effects of 
> 

’ ae. 


Name 
Firm Name 


Address 
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ROLLWAY BEARING CO., INC. 
569 Seymour St., Syracuse, N. Y. 


errr errr 





shows latest 


tables for crane hook bearings... 





* Roller Bearing Engineers’ Com- 
mittee of the Anti-Friction Bearing 
Manufacturers’ Association 








corner loading of rollers. Weight is distributed 
evenly along the full line of contact between 
roller and plate. Starting torque is reduced by 
as much as 25% as compared to straight rollers! 
Rollube Retainer Resists Wear 

All Rollway Crane Hook Bearings feature 
the new Rollube Retainer, made of ferrous 
material with corrosion resistant finish. Wear 
properties are excellent even under adverse 
lubricant conditions. 
® For full information on the R.B.E.C. 
tables and Rollway Crane Hook Bearings, 
send coupon below. 





0 Oo *Se0000%" 
Please send your ‘Crane Hook"’ Bulletin No. 956. 
Me divuvieséuussse 
a ae nee wre ik Roh acs Zone MNS viebwheekecue 
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Photos Courtesy of 
\ GREAT LAKES STEEL CORPORATION 
\ (ivision of National Steel Corporation) 
\  ECORSE, DETROIT 29, MICHIGAN. 
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theyre FACTORY MOI 
as one-piece Neoprene /rubber units! 


Can you think of a more demanding environment for electrical connectors... than 
the water-soaked, run-out motor installation pictured above? If you can, odds 
favor a bet that JOY connectors are “‘at work” there, too! For in all those quali- 
ties that add up to a long life of dependable, maintenance-free performance, 
JOY electrical connectors excel. 





: ; 7 2 ; = Durit 
Factory molded as one-piece Neoprene jacketed units, that resist impact damage ; 

like a rubber ball, and are practically immune to the aging effects of oils, acids, } made 
alkalines and sunlight... JOY electrical connectors are rapidly becoming stalla 


Industry's favorites for portable power and control circuits. When connected, “a 
close-fitting face sections provide “‘cork-like”’ seals around engaged contacts, 


: ; - . ’ ; 
protecting them from moisture, metallic dust and other airborne particles that - equif 
are so damaging to an electrical connector’s performance. 200 grad 

é 





Want specific information on JOY connectors for your electrical circuits? PRUN-OUT TABLE MOTORS od, I 
Describe your needs and we'll mail it promptly! You'll be glad to have this fabri 
information handy, next time you need good electrical connectors. ? ELECTRO-MAGNET FEEDERS we 
7 WELDING WHIPS & CABLE Cav 
7 MAN-COOLING FANS An 
7 MOTOR CONTROL CIRCUITS comt 
eee K FOR IT! : 
ene IR wy . zo 7 COILING MOTOR FEEDERS with 
Bl LLETIN B41 — An attractive, threc- TRANSFER CAR FEEDERS 
color bulletin that illustrates and de- 
scribes JOY electrical connectors for Steel CONVEYOR CIRCUITS 
Mills, Foundries, and other heavy in- SAND-SLINGER CABLE 
dustrial needs POWER LINES TO LADLES 
na” 
- Blast fi 
re * 2 ra cs « s : FE found 
ELECYFRiIiCGCA L PRO 8 VG TF S DIivis!ton §@ 
1201 MACKLIND AVE., ST. LOUIS 10, MO. S&S 
1 
= EXECUTIVE OFFICES, HENRY W. OLIVER BLDG., PITTSBURGH 22, PA. river 
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Sinter machine drive gear and sprocket 


DRAVO-LURGI 


45 years of sintering machinery design experience 


During the past 45 years, Lurgi has 
made over 250 sintering plant in- 
stallations to qualify as Europe’s 
foremost designer of all types of 
equipment for the treatment of low 
grade ore. And over a similar peri- 
od, Dravo has been designing and 
fabricating special-purpose and 
heavy duty equipment. 

An exclusive license agreement 
combines Lurgi design experience 
with Dravo’s extensive engineering 


Sa 
= aT Fa 


= 


Blast furnace blowers 


Std 
4 


a | = 
aa rod 


foundations « gantry & focting cranes + gas & oil pumping ‘stations - locks and dams - ore & coal bridges - 


mfiver sand and gravel sintering plan 
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: bridge sub-structures 


slopes, shafts, Semaal 


and construction facilities to pro- 
vide sintering equipment adapted 
to the needs of American industry. 
Dravo is presently engaged in con- 
structing a number of iron ore 
sintering plants which will have an 
aggregate annual capacity of over 
11,000,000 tons. 

Engineering and planning assist- 
ance is available to help you de- 
velop equipment or complete plants 
for sintering, pelletizing or other 
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space ‘heaters 


docks & unloaders - 


SPR att ts 
es ba 


steel grating 


related ore processing and prepara- 
tion. Write to Dravo Corporation, 
Dept. S-100, Pittsburgh 22, Pa. 


DRAVG 


CORPORA T 1 
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dredging 


process equipment - pumphouses & intakes 
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— barges, river transportation 
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to finish ‘ 
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Gears, track wheels, sheaves on 








Screwdown screws, table gears. ; 
liner plates, manipulator gears and slides. 
on 46” blooming mill. 
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‘s. wheels, mud-gun screws ‘ia nuts 
blast furnace equipment. 
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Table gears, crane yaar 
shafts, axles, brake 
on continuous hot stri 


i 


&. 


Work rolls, leveller rolls, pinch rolls, 
gears, pinions, racks, 
on cold strip mill equipment. 





INLAND since 1911 
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GEAR AND PINION CO. 


CINCINNATI 16, OHIO, U. S. A. 
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MOUSETRAP STEAM TRAP, SEWER TRAP 


...it makes no difference 


. the world won’t beat a path to the door of 
the man who builds a better one and then doesn’t 
advertise it so that people will know about his 
product, know where it can be bought and how 
much it costs. 


Advertising benefits the buyer, too. It tells you 
the product story, makes it easy for you to buy. 
Even more important to you, advertising leads 


to mass production and volume sales . . 


means lower costs and 
lower prices. 


Yes, “Advertising 
Benefits You” .. . 
*specially business- 
paper advertising. 


. which 
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YES ADVERTISING BENEFITS YOu! 
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NEW Elliott C-W type N Motor PERMANENTLY 
SEALED Against Dust, Moisture, Corrosive Fumes 


The rugged ‘Sealedpower” cast frame Elliott motor Once applied only in locations where extremely de- 
shown above is the modern version of the design pioneered structive atmospheric conditions prevail, totally-enclosed 
in this country by Crocker-Wheeler. An external fan, motors are today rapidly gaining acceptance for all types 
made of sparkless material, and surrounded by a cowl, of applications. Users find that the total over-all cost— 
blows air along the frame for highest cooling efficiency. first cost plus maintenance—is less than that of open o1 
An internal fan provides continuous air circulation within semi-enclosed motors. 

the enclosure. All openings in the frame are tightly Ask your Elliott representative for details, or write for 
sealed, providing complete protection to windings and the new type N motor bulletin. Address Elliott Company, 
working parts. Crocker-Wheeler Division, Jeannette, Pennsylvania. 


OTHER C-W TYPE N MOTOR ENCLOSURES ELLIOTT Company 


CROCKER-WHEELER DIVISION 


~ OW... eee 


We will be glad to send a copy of this new 
booklet describing the complete Ire of Elliott 


Totally-enclosed Dripproof Totally-enclosed, fan-cooled C-W type N motors. Please write on company 
non-ventilated Protected Frames 256 U and smaller letterhead. 


























available on 
Mead-Morrison 


Grab Buckets : 


...@liminates hinge gears 
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When non-crushable material gets caught in a conventional aK 
grab bucket gear-type alignment device, it means trouble VAAN 
. .. jammed and broken teeth. NJ 

















The exclusive link-type hinge alignment device developed y 
by Mead-Morrison eliminates this trouble. It operates by the 





interaction of a linkage of steel plates instead of the vulnerable 








gear teeth of conventional alignment devices. The mechanism 
is fabricated entirely of high tensile alloy steel. In addition, 

it has a much larger bearing surface than the ordinary gear-tooth 
construction, is entirely enclosed and easily lubricated. The 





result... less lubrication problem . . . less maintenance expense. 


Write for complete information. 


Patent Applied For 


MEAD-MORRISON | 


Division of McKIERNAN-TERRY CORPORATION 
HARRISON, NEW JERSEY MK82) 
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During rotation at a given angle, pin or slipper- 
type joints speed up, slow down twice during one 
revolution, as shown by the solid line in the graph. 








Rzeppa Joints always transmit torque smoothly, 
even at unbalanced angles. Note constant veloc- 


ity of 100% for Rzeppa Joint (dotted line). 


Are You Getting The Most Out Of Your Rolling Equipment? 


The simple illustration above shows how Rzeppa 
Constant Velocity Joints transmit torques smoothly 
—and profitably—on many of today’s most ad- 
vanced mills. 


Steel-producing equipment of all types can take 
advantage of Rzeppa’s unique design. [t makes 
possible these money-saving features: 
e INCREASED SPEEDS 
e REDUCED DOWN-TIME 
e LOWER MAINTENANCE 
e GREATER ANGLES 
Why not investigate? Write today for 
descriptive literature. 
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CONSTANT 
VELOCITY 
UNIVERSAL 
JOINTS 


3929 Christopher, Detroit 11, Michigan 


Manvfacturers of: Fully Automatic Gear Grinding Machines @ Detroit 
Screwmatic 750 single spindle screw machine. 
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Higher strip yield? 
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LINK-BELT conveying 
systems provide the 
answers to more production, 
less waste, improved safety 
and working conditions 


Overall efficiency involving every 
phase of steel production—from 
raw materials to finished product 
—is assured with Link-Belt’s 
modern materials handling equip- 
ment. Link-Belt can supply com- 
plete conveying systems — de- 
signed to increase capacity, cut 
costs and reduce waste — for 
bulk materials, coils or any other 
form of steel. 

Link-Belt’s engineers will work 
with your engineers, consultants 
and builders of mill and process 
equipment to help you achieve 
these benefits in your mill. Just 
call or write your nearest Link- 
Belt district office. 


This important Detroit steel mill 
greatly increased its cold rolled steel 
capacity — with no appreciable addi- 
tion in floor space —by installing 
three Link-Belt conveyors. Much 
larger coils are now handled easily 
with less scrap loss and less idle 
mill time. 
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What's the best way ! 





lror 


| to boost your output ? 
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Link-Belt conveyor systems solve the problems of handling 
and storing various ores, coke, stone, pellets and sinter which 
are required by the improved techniques of burdening blast 
furnaces. They are designed to utilize plant space more effi- 








Throughout the entire mill, Link-Belt conveyors contribute 
to higher efficiencies and capacities, better space utilization, 
lower costs and greater safety in the handling of slabs, billets, 
plates, coils and tubes, as well as raw materials. This conveyor 
employing Link-Belt steel chain transfers steel billets up incline. 
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Better raw materials handling? 
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ciently in existing mills — fit into the new processes and are 
suited to the higher capacities of ship unloading and increased 
production. Regardless of size or physical layout of your mill, 
Link-Belt can provide a system ideally suited to your conditions. 





Mill scale recovery was boosted from 250 to 475 tons a week 
72% pure iron—after Link-Belt Straightline Collectors 
were installed at this mill. In addition, two previous problems 
(clogged sewers and river pollution) were eliminated. One of 
five recent L-B installations of this kind. 





MATERIALS HANDLING, PROCESSING 
& POWER TRANSMISSION MACHINERY 





14,246 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt Plants and Sales Offices in All Principal Cities 
Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville, N.S.W.; South Africa, Springs. Representatives Throughout the World. 
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BaW Insulating Firebrick 
suspended construction | 


Here’s another case where light weight means lower cost. The new walking beam furnace (shown in photograph above) ; 

The roof of this walking beam furnace is 2,320 square feet. was designed and constructed by Rust Furnace Company for 

B&W Insulating Firebrick suspended construction for a Jones & Laughlin Steel Corporation. Seamless pipe is con- | 
. : , . . veyed into the furnace, moves slowly from left to right on | 

9-inch roof weighs about 30 lbs per square foot, including : * : 

3 © : é : walking beam rails designed and furnished by York- 

the weight of rods, hangers, pipe, brick and mortar. This Gillespie Mfg. Co., ond passes out the exit door. 

is approximately 190 lbs per square foot less than an arch 

constructed of heavy firebrick plus insulation having the 

same heat flow. This saving means the B&W IFB roof 

is 116 tons lighter. 


Here are the money-saving benefits 
of B&W suspended construction: 





1. Supporting steel is less massive, far less costly. 
Commercial size steel can be used for roof suspension instead of 
special castings. 


This is a cross-sectional drawing of a typical suspended 
arch arrangement using B&W Insulating Firebrick. It can 
be used in flat or sloping roofs, nose arches and many 
other types of suspended furnace construction. 


2. B&W Insulating Firebrick heat up and cool down faster. 
This means lower fuel costs, faster inspection. 





3. Furnace temperatures can be changed quickly. When 


different steels call for different heating schedules, the furnace 
temperature can be adjusted in minutes instead of hours. BABCO CH 


~ a 
Papitdad 2 Wite 
nee © ec co. 
4@ ‘ 
Works. AST ¢2n0 sy NE On 
“UGUst, A, Ga YORK 17 y 
















4. Installation costs are lower because these lightweight brick 
can be handled faster and easier than ordinary heavy firebrick. 














For complete information on B&W IFB—the lightest weight 
insulating firebrick, write to B&W today or call your 
local Refractories Engineer. 
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for Tough 
— Jobs 


Check features based on over 
30 years’ experience building 
arc furnace transformers 


Features like these help Allis-Chalmers 
arc furnace transformers stand up under 
strain of repeated daily short circuits... 
the heat of high continuous currents... 
the corrosive atmosphere of the plant. 








Extra Features — 


1 EXTRA SURFACE PROTECTION 2 EXTRA ACCESSIBILITY — Sepa- 








— Grit blasting and three coats of rate compartment for tap changer 
baked-on alkyd resinous paint mechanism facilitates periodic in- 
guard transformers against indus- spection and maintenance. 


trial corrosion. 


& extra PROTECTED WINDINGS 


| Bextra stRENGTH SUPPORTS — Special insulation techniques 
and structure brace coils against protect winding from overvoltage 
severe short-circuit stresses. due to wide tap range. 


Complete Line of Arc Furnace Electrical 
Equipment Allis-Chalmers builds arc and submerged 
arc furnace transformers of all sizes, plus electrical 
control, circuit breakers and auxiliary transformers. 
For help on your problem, call your nearby A-C office 
or write Allis-Chalmers, Power Equipment Division, 
Milwaukee 1, Wisconsin. 


ALLIS-CHALMERS® 


— 
Core” 














A-5086 
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Get the Crane You Want 
turn to 
SHAW-BOX 


Vi 0 | 











“Shaw-Box” Cranes are built exactly to 
specifications — your own or AISE Standard 
Specifications No. 6. Whether your plans call 
for a plate or slab handling crane, a soaking 
pit carriage, or a ladle crane, the long 
experience and vast facilities of Shaw-Box 

can save you time, trouble and money. 


Make sure your next mill crane has the 
strength and rugged construction essential for 
‘round the clock service — plus economical 
operation. One of our engineers will 

gladly discuss specifications and tell you of our 
standard AISE designs for 15 to 200-ton 
cranes. Your inquiry is invited. 





atS +e 
‘i g 
The pictures: 
(A) 25-ton, 
100-foot span mill 
crane. (B) Ladle . " é rors Vien - 


crane that. handles 
200 tons of molten 
steel in 90-ton ladle. 
(C) Plate handling 
gantry with. lifting 
magnets. All have 
exclusive Shaw-Box 
structural, mechanical 
and operational 
advantages that assure 
reliable performance. 


ae “Shaw feat’ CRANES 








INI JNOOW 3 


Zita’ 
z 
2 M MANNING, MAXWELL & MOORE, INC. 
TRADE MARK SHAW-BOX CRANE & HOIST DIVISION 
388 West Broadway * Muskegon, Michigan 


Builders of “SHAW-BOX" and ‘LOAD LIFTER’ Cranes, ‘BUDGIT’ and ‘LOAD LIFTER’ Hoists and other Irfting specialties. Other Divisions produce ‘ASHCROFT’ Gauges, 
‘HANCOCK’ Valves, ‘CONSOLIDATED’ Safety and Relief Valves, ‘AMERICAN’ and ‘AMERICAN-MICROSEN’ Industrial Instruments, and Aircraft Products 


In Canada: Manning, Maxwell & Moore of Canada, Ltd., Avenue Road, Galt, Ontario 
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Timken Balanced Proportion 
bearings on back-up rolls and 
work rolls insure minimum 
a maintenance, extreme precision, 


longer life. 








2-high bloom and slab mill starts faster, 
drives easier on TIMKEN’ 
balanced proportion bearings 


ITH te roll necks on this 
2-high bloom and slab mill— 
built by United Engineering & Found- 
ry Company for Pittsburgh Steel’s 
Monessen, Pa., plant—mounted on 
Timken® balanced proportion bear- 
ings, friction is practically eliminated. 
This means lower starting resistance, 
faster acceleration, easier roll drive 
and higher rolling speeds. And be- 
cause the balanced proportion design 
of Timken bearings permits larger 
diameter roll necks with no increase 
in bearing O.D., roll neck strength 
is increased up to 60%—load ratings 
up to 40%. 
No special thrust bearings are need- 
ed; Timken bearings take radial and 


thrust loads in any combination. And 
full line contact between the rollers 
and races of Timken bearings gives 
them extra load-carrying capacity. 
Complicated lubrication systems are 
eliminated, too; Timken bearings 
permit simple, economical grease 
lubrication. Rolls can be changed 
quickly and easily. Wear is greatly 
reduced, long life is assured. Timken 
bearings are designed geometrically 
to roll true...and are precision- 
manufactured, under the most rigid 
quality controls, to conform to their 
design. Timken bearings show lowest 
cost per ton of steel rolled. 

Always specify Timken balanced 
proportion roll neck bearings. For 


full details, consult our roll neck spe- 
cialists. Write to: The Timken Roller 
Bearing Company, Canton 6, Ohio. 
Canadian plant: St. Thomas, Ontario. 
Cable address: ‘“TIMROSCO”. 


This symbol on a product means 
its bearings are the best. 
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WHEN YOU MELT... 


ectromelt 


STANDARD 
SIZES UP 


“ye 


TWO HUNDRED TONS 
CAPACITY 











Two new MT Lectromelt Furnaces give Northeast- 
ern Steel Corporation of Bridgeport, Connecticut, 


Northeastern Steel also an average daily capacity of 350 tons of alloy, tool 


and specialty steels, 
Ideally located for serving the needs of New 


melts with Lectromelt* England, Northeastern Steel offers a complete 


range of carbon and stainless steels—certified high- 
grade alloys for exacting uses like antifriction 
bearings, aircraft and machine tool applications. 
These two Lectromelt Furnaces provide the flexi- 
bility and dependability which assure uniformly 
high-quality steels, 


Lectromelt Furnaces are described in Catalog No. 9-A. Fora 
copy, write Lectromelt Furnace Company, 310 32nd Street, 
Pittsburgh 30, Pa. (a McGraw Edison Company Division). 
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...looblain a successful annealing line operation, close cooperation 


is needed between the mechanical, electrical and furnace equipment 


manufacturers. . . 


. speeds of such lines will undoubledly increase, and 


one of the big problems to be solved is the development of improved 


methods of cooling rather than healing the steel . . 


. . advantages of the 


process are uniformity, flatness, grealer sliffness, and absence of slickers ... . 


SYMPOSIUM 





“GENERAL CONSIDERATIONS” 


By HORACE DREVER 
President 
Drever Co. 


Bethayres, Pa. 


A THIS paper is confined to continuous annealing of 
tin plate strip. The paper following includes other 
types of strip. 

The process of annealing tin plate strip by the con- 
tinuous furnace, while not new, is not yet in common 
use although a very active interest is being given to it 
by those mills not equipped, the majority of the total 
number. There are at present six plants producing by 
this method, all however, as part of the total annealing 
plant. There are three mills with annealing lines under 
construction in Canada and the United States and the 
first high capacity line abroad is being completed in 
Wales. It is reported that a small horizontal line is in 
production in Germany and another, still smaller, is 
producing in Mexico. Active plans are on foot for other 
installations, either by those who have no continuous 
annealing lines or as added capacity by tin plate pro- 
ducers who already are producing by this method. 

The earliest furnace on a production scale was an 
electric vertical furnace installed at Baltimore in 
Crown Cork and Seal Company in 1936. This was a 
2-strip furnace with each strip rated 75 fpm, and while 
this furnace was not economical because of the slow 
speed, it did demonstrate the feasibility of the method 
and led immediately to the construction of a second 
ind a third line, the last with a nominal rating of 300 
ipm and a top speed of approximately 380 fpm. The 
product from these furnaces was stiffer and harder than 
batch annealed plate, and was looked on with scepticism 
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on Continuous Annealing 
of Steel Strip 


by the steel industry in general, but it suffices to say that 
exactly the same qualities of plate are now yielded by 
the continuous lines that have been installed recently, 
qualities that are more and more being demanded by 
customers of the tin plate producers. 

A few years after the Baltimore installation, the 
first gas-fired radiant tube furnace was built in the 
Ohio district as a pilot plant, but the metallurgists 
rejected the product as being harder and stiffer than 
batch annealed material and the line was dismantled. 
It did, however, demonstrate the practicability of gas 
firing in radiant tubes as the method of heating. 

During World War II, the first line in Canada was put 
into operation by Dominion Foundries & Steel Co. 
This is still producing. This line is rated 300 fpm speed. 
The furnace is electrically heated with a rating of 
1800 kw. A cleaner has since been installed ahead of the 
furnace, thus combining two operations. The product 
is used in quantities by the canmakers and many other 
types of fabricators. 

That concludes the brief early history of the process. 
The question naturally arises why this method is so 
rapidly coming into favor for annealing tin plate 
strip, particularly when the heavy investment for 
even a modest size line is considered. The major answer 
probably can be summed up in one word—auniformity ; 
uniformity of physicals, uniformity of surface. With 
the rapid increase in speeds, accompanied by auto- 
maticity of operation of forming equipment, uniformity 
of stock fed to the machine is the sine qua non. By its 
very nature, continuous strand annealing represents 
the ultimate in uniformity 
possibly approach it. 

Other characteristics of strip annealed continuously 
are flatness, greater stiffness and the absence of stickers. 
All tin strip makers are acquainted with stickers which 
are encountered in the batch anneal and the trouble 
from them at the temper pass mill. This subject has 


batch annealing can never 
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Figure 1— Emerging strip has a flat uniform appearance 
upon exit from annealing line. 


been discussed by Swisshelm (1).* It is generally agreed 
that the material from the continuous furnace is more 
easily rolled in the temper-pass mill than batch an- 
nealed coils. The product is uniform, does not have 
sticky edges and therefore should respond favorably. 
\t one plant it is claimed that up to 25 per cent more 
production is realized when processing strip from the 
continuous furnace because of the freedom from stick- 
ers, but this is probably higher than the average. 

Ilatness of strip is effected by maintaining a con- 
trolled, uniform back tension when the strip is at its 
most elevated temperature and therefore in the most 
plastic state. The emerging strip shown in Figure 1 is 
a good illustration of this property. Contrast the flat 
uniform appearance of this with the irregularity of the 
strip entering the furnace in Figure 2. It is the common 
observation that strip of poor, irregular shape will be 
corrected in its treatment in a well designed continuous 
furnace provided the mechanical and electrical charac- 
teristics of the associated equipment are well set up. A 
rather unusual case to illustrate this ability to provide 
flatness occurs In a recent installation. One of the 
requirements of this mill is 0.018-in. stock for a con- 
tinuous galvanizing line which does not inelude an- 
nealing in the line. By continuous annealing, the stock 
is delivered from the furnace flat enough to eliminate 
the necessity for temper-rolling, and goes directly 
from furnace to galvanizing department, thus saving 
one complete operation in a plant where temper passing 
is the bottleneck. 

The trend in requirements of the consumers of tin 
plate is toward thinner gages and greater stiffness 
the former made possible by the latter. Thicknesses 
less than the formerly standard 0.010 in. are common 
and Rockwell hardnesses have risen. The presently 
popular universal temper TU is replacing or consoli- 
dating the older tempers 4, 5 and 6. Typical of the 
specification for TU is the hardness of Rockwell 62-65 
after temper passing which implies an aimed-for hard- 
ness of Rockwell 60-61 from the annealer, easily ob- 
tained in the continuous furnace but difficult in the 
batch furnace. A still harder requirement is for a 


* Numbers in parentheses refer to Bibliography at end of 
paper 
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Figure 2— Strip entering annealing line with irregulari- 
ties, such as that shown, find these greatly minimized 
upon exit from the line. 


plate, 0.0084 in. gage, with a minimum hardness of 
R 62 and a preferred range of R 65-70, obtained with- 
out rephosphorizing the steel. 

Another advantage of continuous annealing ovet 
batch annealing is the complete elimination of sand 
spots. This occurs in batch annealing from entrain- 
ment of sand particles in the gas circulation used in the 
modern high power recirculating base fans. An out- 
standing characteristic of continuous annealed tin 
plate so far as the can companies are concerned, is the 
much superior corrosion resistance factor that can be 
obtained as compared with batch annealed plate 
Pickle lag values are also materially improved ove! 
those obtained from batch annealed plate. (1) 

A decided saving in processing can be realized if 
cleaning is combined with annealing, the already ac- 
cepted procedure. This completely eliminates one 
entire operation and the heavy investment required 
for a separate cleaning line, including feeding uncoilers, 
welder, bridles and terminal bridles and _ recoilers 
Both alkaline and electrolytic cleaners are used, the 
selection depending on the nature of the rolling lubri- 
cant. In a few cases of slow speed lines, flame cleaning 
has been used. 

The ultimate capacity of the continuous annealing 
line has not yet been reached, and no one can predict 
with certainty what this will be, but compared with the 
speed of the tandem cold mill, the present operating 
and projected lines are slow. The fastest now operating 
is rated 1000 fpm on 30 x 0.010-in. strip and has run at 
speeds slightly in excess of this. A plant under con- 
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struction is planned to run at 2000 fpm for a nominal 
uutput of 60 tons per hour of 30 x 0.010-in. material, 
and present thinking seems to agree on this rating as 
the objective for the larger mills, at least until ad- 
vances in heating, cooling and tracking techniques 
warrant an attack on higher speeds. The advantages of 
higher speed are apparent. Given a coil of a certain 
weight and dimensions, the mechanical equipment to 
handle this, and the associated electricals, vary but 
little with speed and therefore the higher the speed, the 
lower the investment per ton of output becomes. 
Labor per line remains almost constant regardless 
of speed, and therefore the cost per ton falls almost in 
straight line proportion to the increase in speed. Heat 
consumption is practically a constant per ton for any 
rated output. These factors are powerful incentives to 
attain the maximum speeds. 

The furnaces used for the process are of two types, 
horizontal and vertical. The horizontal furnace has not 
been used for high production of tin plate although it 
is reported that a 3-pass furnace of this kind, with heat 
recuperative characteristics, has been used in Germany 
for a rated output of 7 metric tons per hour. In this 
country, all furnaces in recent years have been of the 
vertical type, either for strictly radiant type heating, 
by gas or electricity, or else a combination of high- 
gradient heating followed by the usual radiant furnace. 
A variation of this is the combination of high-gradient 
preheating to 600 to 800 F, finishing to maximum 
temperature in a radiant-heated furnace. The out- 
standing advantage of the vertical furnace is in econ- 
omy of floor space, and this type has become ac- 
cepted as the standard form. A very good description of 
a vertical furnace line is furnished in the paper by Weir 
(2). The heating and cooling cycle carried out in con- 
tinuous annealing may be divided into four parts: 


1. Heating to maximum temperature, 1200 to 1350 F. 
2. Soaking at maximum finishing temperature. 

3. Retarded cooling to 900 F. 

1. Final cooling to just above room temperature. 


There is little or no agreement among metallurgist or 
furnace designers of what constitutes the optimum 
cycle and it is apparent that a wide variation of each 
step in the series above is permissible, as demonstrated 
by the data in Table I. 


TABLE | 


Continuous Strip Annealing Furnaces 
Heat Cycle for 0.010 x 30-in. Strip, Time, Sec 


Customer A'B C D E F G H 
Heat 1717.17. 20 18 17 18 «17 
Soak 42178 ~ «19 9 13 9 13 
Slow cool 23 1712 19 27 15 27.15 
Fast cool © 46 37 65 31 65 42 65 60 
Final 

operation Quench Quench Quench Quench 


With radiant heating, the first step, i.e., heating to 
final temperature, can be made in 15 to 20 see for 
0.010 in. material, with a maximum furnace (control) 
temperature of 1800 F. This condition permits stop- 
page of the strip and restart without danger of strip 
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breakage. Higher temperature than this will cause a 
tear-off on restart and consequently a loss in produc- 
tion because of the necessity of re-threading. If high- 
gradient heating is used, upon slowdown or stoppage, 
the heating means must be instantly removed or else 
the strip will burn off and a re-threading operation will 
be necessitated. With high gradient heating, material 
0.010 in. thick can be heated to annealing temperature 
in 2 to 4 seconds. 

The second part of the cycle, soaking, is used only 
as a factor to insure that the strip is heated right to the 
center and can be allotted 8 to 15 seconds. 

tetarded cooling is considered desirable by most 
metallurgists. Just what time should be allowed this 
phase for 0.010-in. material remains to be determined. 
In six cases examined by the writer, the ratio of slowest 
to fastest was 24 to 1, and the properties of the annealed 
strip in all cases were acceptable by the ultimate user. 
The usual range for 0.010-in. material is from 15 sec- 
onds to 27 seconds. The principal variable so far de- 
tected is in the aging properties which can be compen- 
sated for in temper-passing. 

The final step, cooling to final temperature, presents 
as difficult a problem as heating to annealing tempera- 
ture. All surfaces of the strip must be exposed to a 
sufficient area of water-cooled surface for a sufficient 
time to transfer its heat by radiation, and as the strip 
is bright, its radiation factor is a minimum, and hence 
cools slowly. The recent trend in design of this part of 
the equipment is to cool down in enclosed chambers 
to approximately 400 F and then quench in water, 
followed by hot air blast drying. The metallurgical 
properties of the steel are not affected by this quench- 
ing but considerable time and equipment is saved. 
Any improvement in the cooling rates above permis- 
sible quenching temperatures appears to lie in the di- 
rection of combined radiation and convection heat 
transfer means. 

To illustrate the variability of these steps in the 
heating cycle for various successful lines, attention is 
directed to Table I. It will be noted that the part of the 
cycle involving heating to top temperature varies but 
little; that time at soak has a range of more than 2 to 1; 
and the slow cooling period shows equally as much 
variation. There is no agreement whatever on the 
time required for final cooling, even though several 
furnaces are equipped with a quench to accelerate this 
part of the cycle. The only conclusion that can be 
drawn is as stated above: a wide variability can exist 
in this process for annealing low carbon strip. 

Thus it appears paradoxically that the furnace 
builder must turn his ingenuity towards improved 
methods of cooling rather than heating the steel. 
Even with the mechanical and electrical means now 
available, which permit strip speeds in other processing 
lines of several times the fastest envisioned speed of 
2000 fpm for any annealing line, it is certainly short- 
sighted to foresee extension by multiplicity of present 
cooling passes to permit such speeds. A marked de- 
parture from present thinking and conventional designs 
of cooling means, is the only answer to extension of 
annealing line speeds much over that being achieved 
today. 

A cycle that has withstood the acid test of time is 
shown in Figure 3. This was constructed from thermo- 


71 








couple readings with the actual strip temperature at 
various points being measured. A second and much 
larger furnace line, based on this cycle, is now being 
constructed in the same plant. 

The physical characteristics of the product of the 
continuous annealing furnace have not been discussed 
in detail for the reason that these have been discussed 
authoritatively by Weir and Swisshelm in this country 
and by Dr. Erich Schauff abroad. A reference to these 
papers is found in the Bibliography. 

An interesting study has recently been made on 
steels from Europe. With the exception of slightly 
higher phosphorous contents (0.023) for basie open 
hearth compared to our normal open hearth practice, 





nealed stock. The Thomas steel gave TU Rockwells of 
62 to 66 very easily, and the results of temper rolling 
were good for the Thomas steel. 

3. Elongations were greater for the continuous an- 
nealed tinplate than batch annealed, this being due to a 
microscopic structure which was more regular and 
less sensitive in the presence of lines of segregation. 

t. Rockwells obtained after tinning are more stable 
and artificial aging tests do not produce the changes 
normally expected from batch annealed tin plate. 

5. Micrographs show a much better formed grain in 
the mid-thickness after continuous annealing than 
after batch annealing, and the presence of non-recrys- 
tallized zones which frequently occur in batch annealed 
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and lower phosphorous (0.035) in the basic bessemer as 
compared to acid bessemer, the ladle analyses were 
comparable to our open hearth steel. Samples of the 
strip revealed exceptionally low carbon (0.027 to 
0.038) and slightly low manganese contents as com- 
pared to a typical type MR open hearth steel. The 
open hearth steel also revealed slightly high phos- 
phorous and copper contents. 

The properties of the annealed strip were generally 
satisfactory. However, a wider variation in hardness 
values was noted in TU cycle annealing, and more 
speed adjustments were required during annealing the 
bessemer stock than were required while processing 
the open hearth material. 

The following results of tests made after temper 
rolling and before and after tinning were reported from 
France: 

1. The uniformity of Rockwells obtained between 
edge and center, and top or bottom of ingot were ex- 
ceptionally good compared to batch annealed strip. 

2. Final Rockwells obtained on tinplate for Temper 
t were identical with those obtained for batch an- 
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plate, have not been found in the continuous annealed 
plate. This is believed due to the fact that segregation 
lines, if present, in continuous annealed plate, do not 
impede recrystallization. 

The manufacture of low carbon steels by the oxygen- 
blown converter is too recent to provide authentic 
data on the characteristics of the continuously an- 
nealed product. Preliminary work indicates unusual 
properties and it is hoped that in another year we will 
be able to report on this steel. 

In conclusion, we believe that the continuous process 
deserves the unbiased study of the steel producer, 
whenever new annealing capacity is being considered. 
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DISCUSSION 


PRESENTED BY 


J. |. GREENBERGER, Group Engineer, United 
Engineering and Foundry Co., Pittsburgh, Pa. 


J. J. REMLEY, Steel Mill Engineering, Systems 
Application Engineering Section. General 
Electric Co., Schenectady, N. Y. 


HORACE DREVER, President, Drever Co., Beth- 
ayres, Pa. 


J. I. Greenberger: This fine paper clearly reviews 
past experiences on continuous annealing lines and 
projects these experiences into evaluation of probable 
future trends. My company’s experience in the field 
of high speed continuous annealing obtained in the 
engineering, building and operation of the four highest 
speed operating lines would lead us to temper Mr. 
Drever’s high speed thinking somewhat. The mechan- 
ical considerations of handling strip in such high speed 
lines, particularly ahead of the furnace where the strip 
isin a full hard cold rolled condition, are vitally impor- 
tant. Such considerations as the use of looping type stor- 
age towers as opposed to free hanging loops must enter 
the high speed picture. Cold rolled strip shape itself is 
another limiting factor. We anticipate higher successful 
operating speeds than our present 1000-fpm lines which 
were a threefold increase over previous line speeds, but 
speeds above 2000 fpm seem far in the future. 

We wish to confirm Mr. Drever’s thinking that one of 
the real problems in the high speed continuous annealing 
line is that of strip cooling to terminate the cycle. An 
important additional means of cooling which was sug- 
gested by us for use in these higher speed lines and 
which is now in successful operation, is the use of con- 
trolled cooling rolls. Strip thicknesses and thermal con- 
ductivity factors are of such magnitudes that rapid 
cooling is obtained by the use of such rolls. 

One question which Mr. Drever would perhaps care 
to answer is how much or what modification to present 
continuous annealing line furnace design would be 
necessary to permit changing of cycle time distribution 
in a given installation. In other words, why not have a 
flexible furnace installation which could easily change 
the time ratios of the heating, holding, slow cooling and 
fast cooling zones. 

Mr. Drever did not mention furnace atmospheres and 
we were wondering if he would wish to comment on 
which of the various furnace atmospheres is most nearly 
correct in his opinion, and why. 

J. J. Remley: It has been our experience that the 
flatness of strip, uniformity, and consistent high Rock- 
well hardness makes the continuous process desirable 
for tinplate as pointed out in this paper. Our company 
furnished equipment for two annealing lines installed at 
the Midland plant of the Crucible Steel Company in 
1936. These lines were taken out of service in 1940. 
The first 1000-fpm tinplate annealing line was installed 

t Gary Sheet & Tin Mill in 1951 followed by the 1000- 
(pm line at Fairless Works in 1952. These lines are rated 
it 30 tons per hour of 0.010-in. strip. The mechanical 
lrive equipment was furnished by Mr. Greenberger’s 
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company. The furnace is combination gas and electric 
with a gas fired heating section and an electrically 
heated holding and slow cool section. We supplied the 
furnace and the electrical drive equipment, subcontract- 
ing the gas fired heating chamber. 

The dramatic changes in continuous annealing which 
have occurred in the past have been possible because of 
close cooperation between the mechanical equipment 
builder, the furnace manufacturer, and the electrical 
supplier. Continuous annealing lines are now being built 
for 2000 fpm. These lines bring up new problems in 
tracking and tension control in the furnace in addition 
to the problem of heating and cooling the strip. Con- 
tinuation of this cooperation will make further advances 
in the art possible as more experience is obtained. 

Horace Drever: Mr. Greenberger has raised three 
questions in his discussion of the above paper. The first 
of these was on the use of cooling rolls to produce more 
rapid cooling of the strip. The chief difficulty in attempt- 
ing to cool the strip by means of cooling rolls is that 
strip distortion becomes too great due to the unequal 
cooling of the roll face combined with the fact that there 
is uneven strip pressure contact on the roll surface. 
These two factors combine to produce distorted st rip 
and greatly magnify strip tracking problems through 
a continuous annealing line. 

Mr. Greenberger’s second question is: ‘‘ How much or 
what modification to present continuous annealing line 
furnace design would be necessary to permit changing 
of cycle time distribution in a given installation?” I 
would paradoxically answer with the question: ‘“ Why 
is there any necessity for providing any greater cycle 
flexibility than that which may be obtained inherently 
in the present design of continuous annealing fur- 
naces?’’ Our reason for asking this question is based on 
rather sound experiences with continuous annealing 
operations over the past five to ten years. There are 
four types of product which have proven to respond 
economically to processing in a continuous annealing 
line. These materials are: (a) tinplate, (b) galvanizing 
stock, (c) silicon steels, and last and not too usual, 
processing of enameling stock. Of these four types of 
cycles it is quite possible to produce three of them on 
any of the continuous annealing lines at present in opera- 
tion. These are tin plate, galvanizing material and 
enameling stock. All three of these have been suc- 
cessfully produced on one continuous annealing fur- 
nace line. Hence there is no need to provide cycle 
flexibility other than that inherent in the design of the 
furnaces, in order to produce these three types of 
product. The fourth type, which is a silicon steel, by 
reason of its peculiar nature, of necessity has to be 
produced on a line which is designed to meet the par- 
ticular requirements for three types of annealing cycles. 
This is quite practical and has already been done suc- 
cessfully on the Vandergrift lines which have been de- 
signed and have been using the three different cycles 
required for silicon process. However, because of the 
higher temperatures encountered, the problem of pick- 
up on the rolls which is also present in normalizing lines 
makes it necessary to provide a very expensive type of 
roll surface in order to successfully anneal silicon steel 
in a continuous annealing furnace. Tin plate could be 
quite successfully annealed in a continuous annealing 
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furnace designed for silicon steel, however, due to 
mechanical wear on a very expensive type of roll, 
which is not required in the case of tin plate annealing, 
it is not too economical to design a furnace for silicon 
steel and produce tin plate with it. 

The main practical variation in cycle required on 
any given line is a speed variation to take into account 
variation in gages and types of material being processed. 
However, this variation is found to be restricted over a 
very narrow range for the type of materials being 
processed. The main factor which must be considered is 
that continuous annealing, in order to be economically 
comparable to other forms of annealing, despite its 
added advantages of greater uniformity of product and 
several other intangible advantages realized in sub- 
sequent processing, must be of a high production 
nature in order to fully realize its economic advantages. 
Because of this fact, the continuous annealing line is 
never considered to be a jobbing shop type of line 
whereon great flexibility of annealing cycle is a direct 
requirement. It has therefore proven quite practical 
to design a continuous annealing line to produce over a 
fairly narrow range of production, and its acceptance 
to the industry has only been due to the economics 
presented by the larger production capacity lines. We 
therefore believe that greater flexibility of annealing 
eycle is not a real requirement in continuous annealing 
furnaces. 

The last question which Mr. Greenberger raises is 
that of the correct furnace atomosphere for continuous 
annealing. Here again the product being annealed is the 
determining factor. In the case of silicon steels, the 
processing is too involved to discuss the variations in 
atmosphere gas requirements within the scope of this 
paper. In the case of tin plate, the question of which 
is the best atmosphere is a highly controversial one even 
to this day. Wheeling Steels’ continuous line at York- 
ville and the No. 1 Dominion Foundries & Steel Co.’s 
annealing line have been producing for years on exo- 
thermic gas. As opposed to this, the U.S. Steel lines at 
Gary and Fairless, The Steel Company of Canada line 
in Hamilton, and the No. 2 Dominion Foundries & Steel 
Co. line recently completed have been operated on CO, 
and CO free atmospheres containing largely nitrogen 
and four to eight per cent hydrogen. The operators of 
these lines have expressed an opinion that CO. and 
CO removal were necessary to obtain the best pickle 
lag test results on tin plate. Whether the cost of produc- 
ing the CO, and CO free atmosphere can be justified by 
improved pickle lag results has not been determined by 
the author. The selection of the proper atmosphere gas 
at present seems to rest with the judgment of the pur- 
chaser of the equipment based on his knowledge of his 
own customer’s product requirements. 

We are in complete accord with Mr. Remley’s re- 
marks and would desire to stress the fact that in order 
to obtain successful operation of a continuous annealing 
line, close cooperation is required between the mechan- 
ical equipment builder, the furnace manufacturer and 
the electrical supplier, which has not been required on 
other types of cold processing lines. We believe that all 
equipment builders who have been involved in the 
design and construction of a continuous annealing line 
in the past will be heartily in accord with this view. 
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“FURNACES” 


By C. E. PECK 
Advisory Engineer 
Industrial Heating Div. 
Westinghouse Electric Corp. 
Meadville, Pa. 


A FURNACES for the continuous annealing of steel 
strip on a large tonnage basis have been limited to 
three principal fields of application up to this time. 

One field is the annealing of tin plate. Considerable 
development over many years has shown that the most 
suitable type of continuous furnace for this application 
is the vertical multiple strand furnace. Tin plate thick- 
nesses ranging from 0.007 to 0.015 in. were of suitable 
size to allow passage over reasonable size rolls at both 
elevated and lower temperatures encountered during 
cooling. 

Another field where strip thickness is within a range 
suitable for the vertical type furnace is silicon steel 
strip 0.01 to 0.035 in. thick. 

In the field of annealing for galvanizing, the vertical 
furnace is suitable for thinner gages up to 0.04 in. 
thick. For heavier gages, the horizontal roller hearth 
type either straight through or multiple strand type is 
used. In the case of the multiple strand horizontal 
furnace, the pass rolls are larger diameter than those 
used in vertical furnaces, speeds are slower and heavier 
gages up to 0.125 in. thickness are processed because 
the strip does not change direction over pass rolls 
except at temperatures of 1100 F or over. In continu- 
ous galvanizing, the strip is not cooled below tempera- 
tures of 900 F so that bending of heavier gage strip 
around pass rolls at lower temperatures is not a prob- 
lem. 

This discussion will deal principally with the design 
considerations of a large size vertical strand annealing 
furnace applied particularly to the annealing of tin- 
plate. 


FURNACE CAPACITY RANGES 


Tin plate lines in operation and under construction 
using the vertical furnace vary in strip speed from 300 
to 2000 fpm. The corresponding variation in ton- 
nage rates are from 10 to 60 tons per hr. Some studies 
made in the earlier development stages indicated that 
in order to justify the rather large capital expendi- 
tures for a complete continuous annealing line, the ca- 
pacity should not be less than about 15 tons per hr. 
This minimum capacity is required also if overall 
operating costs are to be comparable with the average 
overall costs of batch annealing. These are general 
guides, but the conclusions clearly indicated that in 
order to keep the investment cost per ton down to a 
reasonable value, that higher line speeds are of prime 
importance since the cost of mechanial and electrical 
equipment for strip handling exclusive of the furnace 
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loes not vary much with speed. Also labor costs per 
ne do not vary greatly with speed. 

Advances in developments of strip handling and 
ninimizing of strip tension, coupled with improved 
eating and cooling methods have made it practical to 
ustify a 2000-fpm line now under construction. 


FURNACE CYCLES 


The use of higher strip speeds requires close attention 
o the use of the minimum time cycle in order to reduce 
he number of passes as much as practical. A line speed 
of 2000 fpm requires 33.3 ft of strip for each second that 

is in the furnace. It is therefore quite desirable to 
keep the cycles relatively short. From a metallurgical 
standpoint the strip may be heated very rapidly by any 
of several methods. The time required metallurgically 
to soak and to slow cool (a relative term) down to 
about 900 F is subject to considerable differences in 
metallurgical opinion. Below 900 F the steel may be 
cooled as rapidly as possible without any marked 
change in the metallurgical results. 

Values of soaking time at temperature of existing 
and proposed installations range from 6 to 18 sec. 

Values of slow cooling from 1350 to 950 F range 
from 10 to 22 see. 

These relatively wide ranges of soak and slow cool 
times do not seem to cause much change in metal- 
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Figure 1— Ranges of heat cycles available for 0.01 size 
strip are given on the three curves. 


lurgical results. However, times below the minimums 
given above cause an appreciable increase in tendency 
to age harden. 

The range of cycles of 0.01-in. thick strip possible 
without marked changes in required metallurgical 
results is shown by the curves in Figure 1. These curves 
also indicate other information of importance. Curve 
No. 1 and curve No. 2 indicate about the minimum 
time cycle if age hardening is to be avoided. Curve 
No. 1 illustrates a heat up time of 4 seconds compared 
to a heat up time of 20 seconds for curve No. 2. The 
faster heat up time corresponds to direct firing at 
high temperature gradients of 2200 F in furnace tem- 
perature in order to impart heat to the strip at a high 
rate. Curves No. 2 and No. 3 each show a heat up time 
of 20 seconds which corresponds to using gas-fired, 
radiant tubes maintaining a furnace chamber of 1600 
to 1650 F while heating the strip to 1350 F. 

Curve No. 3 indicates longer soak and slow cool 
times. All curves have the same cooling time from 950 
to 400 F. Strip is quenched into water at 400 F. 
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TABLE | 
Lineal Feet Required in a Furnace 
Total 
cycle, At 500 At 1000 At 2000 
Curve sec fpm fpm fpm 
1 52 434 868 1736 
2 68 568 1136 2272 
3 92 765 1530 3060 


The lineal feet of strip required to be in the furnace 
for the cycles given in curves of Figure | are shown in 
Table I. After determination of the vertical length of 
the pass the number of passes required can be deter- 
mined from the table for the various cycles. 


METHODS OF HEATING THE STRIP 


During the earlier stages of the development of 
continuous annealing, the writer made an appraisal of 
the overall advantages, disadvantages and economics 
of heating strip steel continuously. The details of this 
study are in an article separately published (1)* The 
general results of the study are still applicable to the 
present status of developments in this field, and will be 
summarized in order to establish the reasons for choos- 
ing the specific heating method applying to the furnace 
described in this present discussion. 

The basic requirements for a good overall heating 
method are: 


1. Rapid heating in order to limit amount of strip 
length required in the furnace. 

2. Good fuel economy. 

3. Good control of prepared atmosphere to main- 
tain brightness of strip. 


Out of the various methods studied, four were con- 
sidered to be applicable to meet these requirements. 
The results are tabulated in Table Il. The heating 
time of 0.01-in. thick steel strip with bright finish at 
various gradients is shown on Figure 2. 

The general conclusions drawn from this study were 
as follows: 

1. High speed electric heating methods by high fre- 


* Numbers in parentheses refer to Bibliography at end of this 
article. 


TABLE II 


Comparison Methods Heating 0.01-in. Thick Steel Strip to 1350 F 
Heat up Kwhr Energy 
time, Btu per cost per 
Method sec per ton ton ton 
High frequency induction 1.0 258 $2.58 
Electric resistors furnace 
1700 F 14 130 $1.30 
Direct gas-fired furnace— 
2300 F with 300 F pre- 
heat 3.5 | 1,376,000 $0.55 
Radiant tube gas-fired 
furnace—1700 F 16 1,116,000 $0.45 
Radiant tube gas-fired 
furnace—1700 F with 
recuperator 16 770 ,000 $0.31 


Note—-Figures are based on electric energy at 1.0 cent per kwhr and 
fuel gas at 40 cents per million Btu. 
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Figure 2 — Times of heating 0.01-in. thick strip to 1330 F 
with various furnace chamber temperatures. The 
heating times for other thicknesses are in proportion 
to the times given in this chart. 


queney induction applied to the annealing of steel 
strip are too expensive for large tonnage installations 
due to high first cost and high operating cost. Although 
the initial heat up section can be very short, the overall 
saving in strip length in the furnace is small since most 
of the length is required for soak, slow cool and further 
cooling of strip down to suitable quenching or exit 
temperatures, 

2. Use of electric resistor heating is the preferred 
method when the costs of electrical energy are not out 
of line with gas fuel costs. 

3. Gas fired radiant tube heating on a gradient is a 
desirable method for high speed high tonnage lines 
when cheap gaseous fuel is available. 


!. Direct gas firing on a gradient is also a fast eco- 
nomical method, but times of exposure during heat uj 
Without a protective atmosphere must be kept to a few 
seconds to prevent oxidation. This requirement. als 
places a limitation on number of heating passes and 
tends to limit line speeds to between 500 and 1000 fpm 

The particular furnace described in detail in_ the 
present paper is heated by means of gas-fired radiant 
tubes for a strip speed of 2000 fpm. The chambe 
temperature is maintained at 1600 to 1650 F while 
heating the strip to approximately 1350 F. The soak 
and slow cool sections are equipped with electric heat 
in the form of resistors. Electric heat is ideal for thes 
sections since the heat is spaced over large areas and 
can be properly placed and closely controlled. It is als 
economical in these portions (even though unit energy 
cost is considerably higher than gaseous fuel) becauss 
the electrical energy in these sections is used princi 
pally to supply losses, which are a small percentage of 
the total energy requirements for heating the strip. 


DESCRIPTION OF FURNACE 


As an example of continuous annealing of tinplate, a 
furnace will be described rated at a nominal value of 
60 tons per hr based on strip 0.01 in. thick and 30 in 
wide traveling at 2000 fpm. 

The furnace is designed to heat the strip at these 
rates from room temperature to 1350 F in the presence 
of a protective atmosphere with the average furnac 
chamber temperature at 1650 F. The heating chamber 
of the furnace can be operated up to a maximum 
temperature of 1800 F. 

The furnace structure 
components: 


consists of four principal 


Figure 3 — Longitudinal schematic section of furnace. 
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Figure 4— Section through width of furnace at heating 
section. 


1. Gas fired radiant tube heat-up section. 

2. Electrically heated soak section. 

3. Slow section with 
electric heat. 

1. Water-cooled section. 


c( 0] 


air cooling tubes and 


A longitudinal schematic section of the furnace is 
shown in Figure 3. A section through the width of the 
furnace of the heating section is shown in Figure 4. 

The furnace can handle strip up to 45 in. wide gage, 
thicknesses of strip may vary from 0.0075 to 0.025 in. 


THE GAS FIRED HEAT-UP SECTION 


This section consists of 12 passes heated by means of 
W” shaped radiant tubes radiating directly to both 
sides of the strip on each pass line. At 2000 fpm the time 
required for the strip to go through the heat-up section 
is approximately 23.2 sec. The strip is exposed to 
radiation from the tubes for 19.5 sec. In order to heat 
the strip to 1350 F, the average heating chamber tem- 
perature is approximately 1575 to 1600 F. The heat-up 
section is divided into six temperature control zones. 
The maximum heating capacity of the heat-up section 
is 80,000,000 Btu per hr. This allows a potential pro- 
duction capacity of 75 to 80 tons per hr on wider strip 
and on cycles where strip is heated to values less than 
the maximum of 1350 F ergo 1250 F. About 775 ft of 
strip is required to fill the heating section. 

The heating section is lined with refractory walls 
approximately 15 in. thick with an inner course of 9 in. 
0! 2600 F insulating refractory. The remainder, con- 
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sisting of block insulation brick walls, are anchored to 
the steel shell and all outer walls are supported at 
intervals by separating ledges built into the steel shell. 


THE BURNERS AND COMBUSTION CONTROL 
SYSTEM 


The radiant tubes are gas-fired, using a specially 
developed integral burner head and exhaust duct ar- 
rangement, to preheat the combustion air to approxi- 
mately 800 F or over. This gives very efficient com- 
bustion and good overall fuel economy. The burner 
system is designed especially to burn coke oven gas 
containing high sulphur content (300 to 400 gr per 
cu ft). It will also burn natural gas or mixed gases. 

Each burner head is a self-contained adjustable com- 
bustion unit, complete with individual constant burn- 
ing pilot, which is maintained very stable by having the 
pilot air gas mixture fed from a separate system to the 
pilot under strong positive pressure of a minimum of 
6 to 8 in. of water. Each burner has its own adjustment 
for proper air-gas ratio, and long flame characteristics 
necessary for efficient combustion in a radiant tube. 

The complete radiant tube and exhaust system is 
under a suction pressure imposed by a master blower 
which handles the hot exhaust gases, after partial 
dilution with cold air on the discharge side of the 
radiant tube. At each burner, the combustion air is 
drawn into the recuperator housing on the burner and 
is preheated by means of heat interchange with the 
exit exhaust gases from the radiant tube. An adjust- 
able aperture in the burner head allows proper setting 
of the amount of preheated air to be admitted to the 
burner. The fuel gas is admitted separately under 
pressure into the center of the burner housing. 

The exhaust duct header from temperature 
control zone is equipped with either a motorized or 
air-operated valve activated by the 
perature control instrument for that zone. The inlet 
fuel gas line to each zone is also equipped with a suitable 
control valve actuated by the temperature control 
instrument of that zone. The control action for each 
gas-fired zone is on-off so that control valves are either 


each 


system tem- 


open or closed depending on heat demand. 


THE SOAK SECTION 


vertical 
heated by means of electric resistor elements mounted 
on the walls of this section. The principal function of 
the electric heat is to compensate for wall losses and 


This section consists of five passes. It is 


maintain a uniform temperature in this section. Thus 
only a small amount of heat is actually required during 
normal operation, and the fact that this heat must be 
dispersed over a large area makes it desirable to use 
electric resistors which can be readily spread out over 
this area. This section is rated at 550 kw, divided into 
five vertical control zones. This rating is not used in 
normal operation, but is installed so that when furnace 
is started up from a cold condition, enough energy will 
be available to bring the soak section up to tempera- 
ture in about six hours. Provision is made to switch 
this power from the delta connection used on start up, 
to a star connection for normal operation. This reduces 
the power to one third of its original value which is 
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still ample to supply all necessary radiation losses 
from the walls of this section. The control at reduced 
power is of the conventional on-off type. At 2000 fpm, 
the time required for the strip to go through the soak 
section is 10 see and about 333 ft of strip are required 
to fill this section. 


SLOW COOL SECTION 


This section consists of 11 passes and cools the strip 
from 1350 F to about 900 F, pulling air through the 
inside of banks of cooling tubes located on each side of 
the pass line across the width of the furnace. Each 
bank of tubes is removable as a unit complete with 
mounting flange and insulating plug. 

Klectric resistor elements are mounted on the walls 
of this section in order to supply heat to bring the 
furnace up to temperature and equalize the heat in 
this section before any strip is put through. This heat is 
divided into four control zones, two zones rated 300 kw 
each, and two zones rated 200 kw each, capable of 
bringing furnace up to temperature from a cold start 
in about six hr. 

The cooling tubes are also divided into four contro 
zones. Cooling is controlled by means of butterfly 
proportioning valves located in the exhaust header 
from the banks of cooling tubes corresponding to each 
control zone. These valves are operated through pro- 
portioning type temperature controllers, which can be 
set to automatically hold the zone at the particular 
cooling temperature desired. 

These same controllers, through an extra contact, 
can act to automatically call for electric heat in the 
same zone in those instances where cooling rates may 
be faster than desired. Under most operating condi- 
tions, however, electric heat will not be required, to 
retard the cooling. The cooling load will be controlled 
by the amount of air allowed to exhaust through the 
cooling tubes of a control zone as governed by the po- 
sition of the butterfly proportioning valve used in the 
control for each zone. 

The time required for the strip to pass through the 
cooling section at 2000-fpm speed is 22 sec. 
The amount of strip required to fill this section is 
about 733 ft. 


slow 


FAST COOL SECTION 


The term ‘fast cool” is only a relative term in that 
from a metallurgical viewpoint, the strip can be literally 
quenched after it has cooled down to 850 to 900 F. 
However, practical limitations do not allow quenching 
from this high a temperature. 

The limitations consist of: 


|. Possibility of small amount of discoloration. 

2. Possibility of distortion of strip. 

To avoid these problems, indirect cooling methods 
are used. In the design described here, the cooling 
section consists of 14 passes. The strip is cooled in the 
protective atmosphere from a temperature of around 
900 F to a temperature of about 450 F, and then 
quenched directly into a water bath without exposure to 
air. 

Cooling is accomplished by means of a series of 
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unit banks of water-cooled tube assemblies mounted 
across the width of the furnace and facing the strip 
on each side of the pass line. Thus the cooling is done 
by low temperature radiation and natural convection. 
The cooling tubes have fins on the side exposed to the 
protective atmosphere in order to obtain more effective 
surface for convection cooling. Recirculation of atmos- 
phere or forced convection is not used in this section. 
It is difficult to maintain uniform static pressure of 
the controlled atmosphere in the chamber when using 
methods of forced circulation. In order to prevent in- 
gress of small amounts of oxygen, the furnace must be 
perfectly tight and large amounts of protective atmos- 
phere must be used. Otherwise discoloration of the 
strip will take place. In addition, the speed-up of 
cooling by using forced circulation is not as marked 
when cooling the strip from 900 F to 450 F, as when cool- 
ing the strip in protective atmosphere all the way down 
to 250 F or less. 

At a strip speed of 2000 fpm for 0.01 in. thick strip, 
the number of additional passes which would be re- 
quired to cool the strip in protective atmosphere from 
150 F to 250 F amounts to 24 passes. Thus there is a 
considerable reduction in cooling chamber passes real- 
ized by quenching into water at 450 F. 


GENERAL FEATURES OF FURNACE CONSTRUCTION 


Rolls and roll bearings—The main pass rolls are 
shaped so that contact surface with the strip is narrower 
than the strip when passing over the roll. This means 
that there is a small offset in the roll surface beyond 
the center area. These are termed “narrow bodied”’ 
rolls and when used in conjunction with self-centering 
rolls outside of the furnace, they are designed to keep 
the strip accurately centered on the pass rolls with 
minimum tensions at high strip speeds. This combina- 
tion is designed to eliminate causes of strip breakage 
due to the strip wandering off the center of the rolls 
particularly at higher speeds. This combination is to 
be used in the 2000-fpm speeds proposed for the furnace 
described here. The complete discussion of this appli- 
cation is covered in a paper by E. T. Lorig. (2) 

toll bearings are self alining roller bearings, water- 
cooled and grease-lubricated from a central lubrication 
system. The bearings are mounted on a separate sup- 
port structure so as to accurately maintain alinement 


independent of furnace expansion. Bearings on the off 


Figure 5— Bottom pass rolls are removed by means of a 
special car. 





lron and Steel Engineer, February, 1957 





pip 
thre 
roll 
pluy 
atts 
the 

p 
repl 
ual] 
Lo «¢ 

A 
Kac 
hott 

K 


plug 


iron 








irive side are capped for tightness against loss of atmos- 
where. Bearings on the drive side are provided with 
iechanical seals for gas tightness. Expansion between 
he shell and supporting structure is taken up by means 
f metal bellows. 

Each pass roll is individually driven through suitable 
ear reducers by d-c motors with adjustable voltage 
ontrol. This allows operation over a range of speeds 
or various gages and also allows control of speed of 
ach individual roll so that all rolls turn together 
yroperly for a given speed setting. 

All rolls are removed sidewise in a direction parallel 
o the axis of the roll. In order to utilize space on the 
ide of the furnace efficiently all rolls are removed 
from the same side of the furnace. Pass rolls at the top 
of the furnace are removed by means of a counter- 
weighted fixture handled by the shop overhead crane. 
Pass rolls at the bottom are removed by means of 
special roll removal car and moved to one end of the 
furnace where they then can be handled by the shop 
crane if desired. The roll removal car is shown in Fig- 
ure 5. 

Counterweighted fixtures are also provided for 
removal of radiant tube assemblies and air-cooled and 
water-cooled tube assemblies. These fixtures are handled 
by an auxiliary crane on the side of the furnace where 
shop crane is not readily accessible. 

Strip breakage-threading—In a multipass furnace of 
this type, it is important to be able to quickly locate 
where a strip break has occurred. The furnace is pro- 
vided with an electrically-operated system to signal 
and indicate location in the furnace of a possible strip 
break. If a break occurs, the strip drops from the 
bottom pass roll to make contact with a heat resisting 
alloy electrode each located under a pass roll. As con- 
tact is made, necessary relays function to shut down 
the strip line, sound an alarm indicating that a break 
has occurred, and indicates the location of the break 
by means of a visual indicating annunciator station. 

The general procedure for rethreading after a break 
is as follows: 

After location of break has been determined, a 4-in. 
pipe plug is removed from the affected roll and the 
threading chain is dropped down on either side of the 
roll. At the bottom where the corresponding threading 
plugs have been removed, the threading chains are 
attached to adapter pieces and the latter is welded to 
the strip ends. 

Plug removal underneath the furnace as well as 
replacement of such plugs is done by means of a man- 
ually-operated plug removal car with hydraulic jack 
to operate under the furnace on floor track. 

Access to furnace for observation and maintenance 
Each pass is provided with peep holes at top and 
bottom. 

Kach pass is provided with gas tight, removable 
plug assemblies at top and bottom for access to rolls, 
etc. Four-in. pipe openings are located in the top plug 
assemblies for localized and limited access for quick 
threading purposes. 

Access openings into each principal chamber at each 
platform level are provided for inspection purposes or 
maintenance purposes when furnace is shut down. 

Atmosphere control—The complete furnace structure 
inust be designed for gas tightness since it is filled with 
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protective atmosphere to maintain a bright finish on 
the strip as it passes through the furnace. 

All tube mountings in heating and cooling chambers 
are made in unit assemblies and are flanged mounted 
and gasketed for tightness. 

All parts of the structure are welded gas tight. 

The principal sources of atmosphere loss are at the 
entrance and exit of the furnace. At these points, 
motor-driven sealing rolls are provided. These are 
sealed at all points except where the strip passes through 
between the rolls. In order to maintain a reasonable 
static pressure of 0.2 to 0.5 in. of water in such a large 
furnace structure, atmosphere consumption is esti- 
mated to be between 15,000 and 20,000 cfhr. The type 
of atmosphere used is processed combusted fuel gas in 
which CO., HO and CO are removed leaving a dry gas 
containing 5 to 10 per cent of hydrogen and the balance 
nitrogen. 

The furnace is provided with instruments to record 
furnace pressure and flow of atmosphere to the prin- 
cipal sections. Also recorders are provided to indicate 
oxygen (normally should be zero) and the amount of 
hydrogen in the atmosphere. 

Strip temperature measurement—Temperature _ re- 
corders using radiation type pickup are used to 
measure and record the temperatures. 


1. At the end of the heat-up zone. 
2. At the end of the soak zone. 

3. At the end of the slow cool zone. 
1. At the end of the fast cool zone. 


Average operating requirements—Based on heating 
strip to 1350 F, at rate of 60 tons per hr, of 30-in. wide 
by 0.010-in. thick strip, there will be required: 


1. Coke oven gas (525 Btu)—1400 cu ft per ton. 

2. Electricity, including motors for combustion and 
exhausting —9.0 kwhr per ton. 

3. Water (based on 40 F rise)—800 gal per ton. 


SUMMARY 


The trends in development of heating steel strip 
indicate an expanding use of the continuous vertical 
strand annealing furnace. Quicker processing, and 
uniformity of product are plus factors over more con- 
ventional batch annealing. The furnace will be refined 
and improved as further experience is gained in various 
segments of the industry. Development trends point 
toward further reduction of the number of passes 
required in the overall furnace cycle. Further investi- 
gation or shorter cycles will simplify the furnace if 
shorter cycles can be realized and still meet the various 
metallurgical requirements of the user of the material. 
Further improvements in cooling can shorten the 
amount strip stored in the furnace. Simpler furnaces 
with fewer passes will allow a further step up in speeds 
through the furnace and thus reduce still more the 
initial investment cost per ton and operating cost per 
ton. 
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DISCUSSION 


PRESENTED BY 


E. J. SEABOLD, Consulting Engineer, Westing- 
house Electric Corp., Meadville, Pa. 


E. J. Seabold: One phase of this subject appears to be 
still open; and that is the wide variation of time per- 
missible in the optimum heat treating cycle. 

It is doubtful if we, as furnace builders, are in a 
position to recommend one cycle of heat treatment that 
would be applicable to all steel mills, taking into con- 
sideration the variables in chemical composition, con- 
ditions of surface, the particular heat gradients to be 
used with different heat and fuel application and the 
final end use of the product. 


HEATING TIME 


The heating portion of the cycle, that is the time in 
seconds allotted, would be altered by the following: 


1. The width and thickness, of strip. 

2. The surface, whether bright or dull, which affects 
the rate of heat absorption by the strip, particu- 
larly in the first part of the heating, to say 700 F. 

3. The temperature gradient of the furnace, where in 

the case of gas tubes with good tube life, would 
not exceed 1800 F, electrical resistors could be 
safely operated up to 1900 or 2000 F. 

1. The particular temper range for which the furnace 

is designed, whether for T-2, T-4, or TU temper, 
would also alter the heating time for a given pro- 
duction figure. 
T-2 may require 1350 F top temperature of the 
strip, whereas TU may well be as low as 1240 F, 
depending again upon composition, per cent cold 
reduction and prior steel making practice. 


SOAKING 


The soak would also vary somewhat, the same as the 
heating, by reason of the following: 


1. The rate of heating, wherein for complete pene- 
tration and equalization of temperature through 
the thickness, a larger soak time may be neces- 
sary to avoid over heating, particularly the edges, 
for a given grain size and physical properties in 
the end product. 

2. The soak section of the furnace cycle is usable as 

a hold at temperature, or a relatively slow cool 

through a particular temperature range. Soak in 

all cases should not exceed 1300 F. 

Here again, the temper required, whether T-2, 

T-4 or TU, will dictate the amount of soak neces- 

sary in the design, and is consistent with the use 

for which the major portion of the tonnage is 
specified, 


~~ 


Lower speeds, of course, will permit 
more soak, slow cool and fast cool time for experi- 
mental purposes in the lower temper ranges. A 
furnace designed specifically for TU temper, at 
maximum capacity, would necessarily have in- 
corporated in the design cycle, lower top tempera- 
ture and short soak time. 
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SLOW COOL 


The slow cool to 900 or even 800 F, is considered to 
be a very important part of short cycle annealing. 
Carbide precipitation is most active around this tem- 
perature. 

If sufficient time is not allotted, subsequent aging 
may increase the hardness, as much as 8 to 10 Rockwell 
30-T points. About 12 to 15 sec at the present time, 
appears to be sufficient for the properties required for 
TU temper. Some customers, however, have set a 
higher figure. 


FAST COOL 


Fast cool from 900 to 450 F is still a function of the 
type of equipment used, and can be as fast as is prac- 
tical. 


QUENCH 


Quench is now being accomplished as high as 650 F, 
without distortion or discoloration. 

Investigation is now being conducted to quench at 
still higher temperatures, in an effort to shorten the fast 
cool section. 

The foregoing are some of the factors to be considered 
when designing a strip furnace for a particular customer. 


“MECHANICAL EQUIPMENT” 


By H. W. LYNN 
Sales Manager 
and 
M. D. BAUGHMAN, JR. 
Assistant Chief Engineer 
The Wean Engineering Co., Inc. 
Warren, Ohio 


A THUS far in this symposium two papers have been 
presented which effectively cover the general aspects of 
the subject and the details of a continuous annealing 
furnace. When considering a continuous annealing in- 
stallation, it is logical to place the emphasis on the 
annealing furnace, as it is the heart of the process and 
justifiably requires the most serious consideration of all 
of the economic, operational, and engineering factors 
that may be involved. Since a continuous annealing 
line represents a major capital investment, it is es- 
sential that it maintain the highest possible degree of 
its rated capacity. This requires continuity of furnace 
operation, which in turn depends to a great extent on 
the terminal equipment responsible for feeding the cold 
reduced strip to the furnace and receiving it after the 
annealing cycle. 

To date continuous annealing in the steel industry 
has been utilized in several different strip finishing 
processes for different types of steel. The highest speed 
operation has been developed for the very light gage 
low carbon steel that is utilized in the manufacture of 
tin plate. Consequently the most complicated equip- 
ment problems are represented in a high speed contin- 
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uous tin plate annealing line; and by comparison the 
other continuous annealing applications which involve 
lower speeds and special process requirements do not 
present as many engineering or operating problems. 
Therefore, it is the purpose of this paper to submit a 
hypothetical, high speed, continuous annealing line 
for tin plate gages. 

As is true of most processing lines, there are many 
minor differences of opinion on equipment design and 
arrangement among the various operating Companies, 
with the result that what is considered good practice 
for one producer is not necessarily acceptable to another 
producer who desires a slightly different arrangement. 
Consequently the line being presented merely offers a 
which to various features of 
mechanical equipment, and is not an attempt to es- 
tablish an equipment specification that covers all of 
the operational requirements which exist for various 
producers in the industry. 

The individual components that make up mechanical 
equipment for such a line are in many respects similar 


basis on comment 


on 


to equipment that is in operation on other strip proc- 
essing lines, particularly for electrolytic cleaning and 
electrolytic tin plating. However, in line with the main 
objective of operating efficiency of the 
furnace section of an annealing line, additional em- 
phasis must be placed on such features of the 
chanical equipment as automation, equipment arrange- 


maximum 
me- 


ment for ease of operation with a minimum size crew, 
rapid coil handling and coil preparation arrangements, 
provisions for roll changing and roll alinement with a 
minimum down time, threading aids to minimize down- 
time, the utilization of dual lubrication and hydraulic 
systems to permit standby services, and allowances 
for preventive maintenance during line operation. 

For the hypothetical line, let us assume the coils 
as received from the cold reduction mill are normal tin 
plate gages and widths, with the coil inside diam being 
16). in., the outside diam approximately 80 in. and the 
maximum coil weight 60,000 Ib. The line speed would 
be 1500 to 2000 fpm. A 1500-fpm line would represent 
a higher speed than is obtained on any installation 
operating at the present time, while 2000 fpm is the 
design speed of a line now under construction. Although 
normal tin plate widths are mentioned, the terminal 
equipment is designed and constructed for strip widths 
up to 46 in. and on one application 16!5-in. inside 
diam coils weighing 64,000 |b are being contemplated. 

Since a continuous annealing line, similar to other 
processing lines, consists of three basic sections, this line 


has been separated into entry, furnace, and delivery 
Referring to Figure 1, the first 
the entry coil handling and strip preparation section 
embodying the equipment from the coil holders through 
the cleaning equipment. As depicted, this would con- 
sist of No. 1 and No. 2 coil holders with their associated 
coil storage arrangement, the carry-over pinch roll 
and table for carrying the strip from the No. 1 coil 
holder over the No. 2 coil holder, the scrap reel for 
taking the heavy end material from the leading end of 
the coils, and the double cut shear for preparation of 


sections. section is 


the leading end of the strip prior to welding. 


The coil splicing equipment could be any one ol 
several welders which have been successfully 
the 


seam welder that has been indicated on this diagram 


used, 
most common one being the travel head series 
Following the welder is the alkaline cleaning equip- 
ment, which has been indicated here as a horizontal 
tvpe of cleaner, and suitable drying equipment to 
deliver dry strip to the annealing furnace. 


With cold 


of the tremendous size that are being manufactured by 


modern reduction mills delivering coils 


most tin plate producers today, and considering 
the importance of continual strip flow to the line, the 
entry and coil handling equipment for such a line 


becomes a key operation in maintaining efficient pro- 
duction. rolled without 
prohibitive damage; therefore, the entry end of such a 


Coils of this size cannot be 


line might take one of two general forms. 

For example, the mill lavout might justify the use of 
a driven pallet or saddle conveyor, which would re 
ceive the cold reduced coils from an overhead crane o1 
ram tractor and move them parallel to the annealing 
line and the holders 
With such a driven conveyor and with proper sequence 


into alinement with two coil 
control, coil cars equipped with a cantilever lift come 
between the saddles provided on the conveyor, lift 
the coils, and transfer them to the coil holder head 
This arrangement represents a costly installation, and 
the conveyors are a source of maintenance, although 
the frequency of maintenance is relatively low. 

The second arrangement, which represents a lesse1 
capital investment, is the coil saddles with a long 
stroke coil car. This arrangement embodies fabricated 
steel saddles mounted rigidly in the foundation, on 
which the coils are placed by overhead crane or ram 
tractor. The coil car servicing each coil holder has a 
long stroke traverse cylinder which permits the coil 
car to come to any position in the line of saddles and 
move coils to the coil holder head. While a coil is being 


Figure 1 — Entry end line arrangement for annealing furnace. 
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payed off to the line, the car can advance the coils to 
provide space on the saddles for additional charging. 
Such an arrangement of coil saddles and long stroke 
car would be very similar to that shown in Figure 2. 

Since the efficiency of the continuous annealing line 
depends so greatly upon the condition of the cold re- 
duced coils being fed to the line, it is frequently desir- 
able to reject a coil rather than run the risk of encount- 
ering difficulties in the annealing furnace from poor 
tracking, bad edges, or poor strip shape. Sometimes it is 
not apparent when the coils are delivered to the entry 
end of the line that unsatisfactory material is present, 
and it is desirable to have some means of rejecting 
complete coils, or even the remainder of a coil being 
run, if this condition develops. To accomplish this, an 
area suitable for one coil width can be provided in 
front of each coil holder. The coil car can then remove a 
coil from the coil holder head and deposit it on a saddle 
position, where an auxiliary hydraulic ram ejects the 
coil to a short ramp. 

The coil holder for handling heavy coils at high 
problems which have been 
worked out satisfactorily in recent years. For example, 
the use of 16!5-in. diam expanded heads for heavy coils 
results in bending stresses in the mandrel shafts that ap- 


speeds involves design 


proach the accepted design limits. This condition is re- 
solved by the use of the highest quality alloy steel forg- 
ings to obtain the maximum strength for the small area 
involved. The small diameter heads have also limited 
the amount of head expansion that can be obtained 
within the allowable shaft stresses. Consequently this 
presents some disadvantages in handling coils which 
may have a certain amount of cold mill reel break, 
making them difficult to place on the expanding man- 
drel. 

The use of high speed heads has dictated the neces- 
sity of using forged steel head segments designed to 
have integral wedge gibs, thereby overcoming the 
possibility of centrifugal forces at top operating speeds 
literally throwing the segments from the mandrel. 
The application of chrome plating on sliding surfaces 
and impregnated lubricated wear strips are all attempts 
to give heavy duty mandrel construction with min- 
imum maintenance. 

Both the No. 1 and No. 2 coil holders would be of the 
shifting type, arranged for manual shifting by means of 
either manual or solenoid hydraulic valves. It is entirely 
possible to use automatic shifting of these coil holders 
to maintain strip alinement as it is fed to the annealing 
line. However, with the small amount of telescoping 
present in the coils received from most cold mills, this is 
probably not necessary once the coil is properly alined 
with the centerline of the entry end equipment. If 
automatic centering of the coil holders is utilized, it 
should be of the photoelectric or air-jet type rather 
than the limit travel type, which requires a contact 
roller riding the edge of the strip. Such rollers can cause 
tearing of the strip due to the presence of cracked edges. 

With the large size coil and the necessity of rapid 
line acceleration to an over-speed condition, another 
problem is the selection of the proper type of drive 
motor for such coil holders. Naturally some of the 
larger drive motors present many problems in mechan- 
ical design, particularly on a shifting type coil holder. 
In order to obtain the most satisfactory operation on 
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Figure 2 — Coil holders and coil storage saddles. 


acceleration of large coils, the selection of the drive 
motor requires close coordination between the mill 
builder and the electrical equipment manufacturer. 

Another point which can be very important to 
continuity of operation is the proper design of the 
hydraulic system. In general, for a line of this type 
a dual hydraulic system should be installed, which 
would give one standby pump for a matter of insurance 
and to permit normal maintenance on the pumping 
equipment while the line is still in operation. Proper 
use of check valves, accumulators, and operating valves 
all deserve serious consideration to give the most desir- 
able operating speeds of the various hydraulic funce- 
tions, plus the requirement of maintaining proper 
pressure for the head expansion mechanism. 

A scrap or heavy end reel has been indicated, which 
will permit the operators to recoil off-gage material 
from the leading end of each coil when it is first mounted 
on the coil holder head and while the line is operating 
from the other unit. When the tail end of the coil is 
reached, this will normally be cut off in either the 
double cut shear or the welder shear; and once again if a 
reasonable amount of heavy end material is still pres- 
ent, it may be either back wound on the coil holder 
and then fed to the scrap reel or it may be coiled man- 
ually by the operator and placed in a scrap box. Such a 
reel would not be an absolute necessity, as it would be 
possible to feed the leading end of each coil up to the 
double cut shear and continue to crop pieces until the 
coil was to gage. The use of a scrap reel has the dis- 
tinct advantage of forming a coil of the desired size 
for return to the scrap yard without any appreciable 
amount of further preparation being necessary. 

The double cut shear can be either the motor-oper- 
ated type or, in the case of the light gage material in- 
volved, air-actuated and equipped with feed rolls on 
both the upper and lower passes preceding the shear 
mechanism. These rolls are utilized for feeding the 
leading end of the strip up to the shear head, where 
the end is cropped prior to the welding operation. Afte1 
the shearing operation, the end is fed as close as prac- 
tical to the welder, and is either folded back on the 
holding table or held by magnets to have the exact 
length required for placement against the gage bar 
in the welder when the entry end is stopped for th 
welding operation. All of these details contribute t 
minimum welding time, which is extremely important 
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In selecting a method of welding, consideration 
ould be given to a travel head seam welder, a lap seam 
velder, a mash welder, or even a multiple spot welder. 
For tin plate gages, the welder which has been used 
ilmost exclusively on high speed lines has been the 
travel head seam welder. This is due not only to its 
ower first cost, but also the fact that it inherently 
has been a higher speed welder than other methods 
which have been proposed. The quality of the weld is 
icceptable, but there is some disadvantage in the fact 
that there is a possibility of welds tearing loose due to 
the free edge where the overlap is made. 

There has been some criticism of this type of weld on 
furnace lines from the standpoint that there is always 
the possibility of water entrapment in the weld which 
might carry into the furnace. However, the small amount 
of moisture that is present under such a condition does 
not appear to be any serious factor, and for the most 
part has been neglected in the consideration of welding 
technique. 

New design travel head seam welders, where con- 
tinuity of operation is an important factor, incorporate 
such minor but important design features as a shifting 
platen to permit longer operation between dressings 
of the platen, four-wheel operation for two additional 

seams where this appears to be desirable from a factor 
of safety standpoint, and limit switch firing, which 
ensures that the welding operation takes place only 
when the wheels are in contact with the strip. 

The use of the other types of welders presents some 
disadvantages, although they have distinct advantages 
in the type of weld made. For example, the lap seam 
welder, which has an overlap of approximately one- 
quarter of an inch, minimizes any problem of liquid 
entrainment or of the free edge ahead of the weld line. 
The mash seam welder similarly takes care of these 
conditions and gives a higher quality weld. The main 
disadvantages are higher first cost, the problem of 
satisfactorily lapping such light gage strip, the slower 
welding speed, and the amount of time consumed to 
complete a weld cycle. It is necessary to have very 
accurately sheared edges for obtaining the proper 
amount of lap and to have the strip accurately alined 
from edge to edge. This requires special shearing, 
matching and traversing equipment and more atten- 
tion from the operator, which results in a longer overall 
welding time. 

The use of multiple spot welders under some consid- 
erations would probably be the highest speed weld 
that could be made. The main disadvantages to this 
are the lower quality joint that is made, the high 
first cost of equipment, and the complex problem of 
cutting out inactive guns when welding various widths 
of strip. Such a multiple spot welder would be a more 
complicated design than a travel head seam welder, 
and therefore a source of greater maintenance. 

Considering first cost of equipment, speed of opera- 
tion, simplicity of strip handling, and weld quality, 
the travel head seam welder effectively fulfills the 
requirements of this application. 

For such a line, it is normally recommended that a 
built-in shear be incorporated in the welder for cropping 
the tail end of the coil. Obviously this saves some 
feed-up time from the double cut shear; and although 
t appears to be a duplication of shearing equipment, 
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Figure 3 — Entry end of high speed processing line. 


the few seconds of time saved are very important in the 
overall operation. 

What has been described thus far is very similar to 
the conventional double coil holder arrangement that 
is used in many strip processing lines, as shown in 
Figure 3. 

In the next step in the entry end arrangement, it will 
be noted that horizontal type alkaline cleaning has 
been indicated. This is admittedly an arbitrary selec- 
tion, but was based on certain design advantages of 
this equipment as compared to vertical type cleaning 
that has been practiced in some strip processing lines. 
The alkaline cleaner of the horizontal type lends itself 
to this high speed application since it has the advan- 
tage of fewer deflector rolls to obtain the desired amount 
of strip passage in the cleaner; it is a better design to 
incorporate strip threading devices; it is a_ better 
design to incorporate features to cope with the drag-out 
or solution surge problem; and the design allows for 
an easier application of a fume exhaust system. 

The major disadvantage of horizontal cleaning is, 
of course, the amount of space it requires. Vertical 
cleaners have been designed to do the same job satis- 
factorily at lower speeds. The cost of vertical cleaning 
equipment would be about the same or slightly less 
than horizontal cleaning equipment. However, con- 
sidering the installation and foundation costs, the 
vertical cleaning might actually result in somewhat 
lower overall cost, depending entirely upon the con- 
ditions for the particular installation. The major point 
to consider in this question is actual operating experi- 
ence; and horizontal cleaners have been operated suc- 
cessfully at speeds within the range established for 
this hypothetical line, whereas no vertical cleaners 
have been called upon to perform at such high operat- 
ing speeds. Consequently not quite as much is known 
about their possible problems of drag-out, sink roll 
seal and bearing difficulties. 

The arrangement shown indicates a pre-dunk tank 
which serves the primary purpose of cleaning dirt and 
excess rolling oils that are on the strip, and which are 
removed entirely by the chemical action of the alka- 
line cleaning solution during the very brief period the 
strip passes through this section. 

Following the dunk cleaning section is a four-brush 
scrubber, with each brush operating in conjunction 
with a steel back-up roll. The scrubber brushes are 
individually adjustable, actuated by means of air 
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cylinders through equalizing arms with mechanical 
stops to obtain the desired setting of the brush and to 
allow adjustment for brush wear. 

Following the No. 1 scrubber is the electrolytic 
cleaning operation, utilizing a grid to grid cleaning 
process with low voltage generating equipment to 
produce approximately 15,000 amp at 18 volts. 

One of the major problems involved in such cleaning 
equipment is the tendency of the strip to pump the 
solution to the delivery end of the tank at the high 
operating speeds. This condition is pronounced at 
speeds in excess of 1200 to 1500 fpm, and definite 
steps must be taken to counteract this action and 
equalize the liquid level in the tank; otherwise exces- 
sive solution dragout occurs and the grids at the entry 
end of the tank are soon exposed as the solution 
level drops. 

This can be accomplished in several ways, and in 
many instances more than one method is_ utilized, 
depending somewhat on the operator’s preference. A 
surge tunnel is built into the bottom of the cleaning 
tank, with scoops located periodically along this tunnel 
which break up the flow of the liquid to the delivery 
end of the tank; and due to the differential in head from 
one end of the tank to the other, the liquid counter- 
flows toward the entry end. At the same time, the 
practice has been followed of slightly elevating the 
delivery end of the tank with reference to the entry end, 
thereby compensating for the difference in liquid head 
caused by the surge. Another method is to use an ex- 
ternal surge line with a high volume pump. This tends 
to accomplish the desired results, but presents some 
other problems in creating extreme turbulence at the 
discharge side of the pump. 

Immediately after the cleaning tank is the No. 2 
scrubber, which is essentially a duplicate of the No. 1 
scrubber and performs the final scrubbing action on 
the strip. Scrubbers of the type that have been de- 
scribed are shown in Figure 4. 

Following the serubber is located the rinse tank, 
which can be arranged for either spray rinsing or 
dunk rinsing, as desired. This serves the primary 
function of removing from the strip all traces of clean- 
ing salt, and also at the same time maintaining the 
strip temperature to assist in the drying operation that 
follows. On the delivery side of the rinse tank are located 
two sets of wringer rolls. To obtain good strip drying, 
the wringer rolls must be maintained in good working 
condition, as any water that is pulled through these 
wringer rolls will not be effectively removed by the 
dryers. 

The auxiliary equipment for this cleaning section 
would consist of covers equipped with air-operated 
lifts to permit rapid opening of the tank for rethreading 
the strip or maintenance requirements, the solution 
circulating or storage system provided for the alkali 
cleaning solution, and the rinse water recirculating 
system, 

A threading device is an important auxiliary to 
such a line since defects in the strip will frequently 
result in breakage in the cleaning section. This device 
consists of a drive on the delivery end of the tank and 
two endless chains which are carried through the 
entire cleaning section, following the pass line that 
the strip maintains in the various tanks and scrubbers. 
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Figure 4— Four-brush scraper is used for strip cleaning. 


Each strand of chain is supported by independent 
sheaves which are located on the roll necks. When 
there has been a break in the strip, a threading bar is 
attached to the chain and to the end of the strip, and 
the threading device drive is then actuated to pull 
this threading bar through the tank, thereby reestab- 
lishing the pass of the strip through the cleaning sec- 
tion. The strip ends can then be welded together and 
operation resumed. 

Throughout the cleaning section of the line, detailed 
attention should be given to the design of deflector 
rolls, wringer rolls, scrubber brush rolls, and back-up 
rolls to effect the quickest possible changing of these 
rolls, thereby minimizing downtime for roll changes. 
At the same time, the necessary features should be in- 
corporated to be certain that, once the rolls are re- 
placed the roll alinement is maintained, since this is 
such an important factor in proper tracking of the strip. 

For high speed operation, two hot air strip dryers 
would be required to ensure the proper drying of the 
strip following the cleaning operation. However, a 
third unit would ensure good drying when overspeed- 
ing the entry end to replenish the loops, and give 
some allowance for operating with only two units if 
one should be shut down for maintenance while the 
line is in operation. These dryers are of the conven- 
tional type with a low pressure blower and the air 
heated by means of a steam coil heat exchanger. 

The center section of the line would include every- 
thing between the two looping means and, of course, 
the continuous annealing furnace. This is shown in 
Figure 5. The arrangement consists of the No. 1 tension 
bridle located on top of the looping pit tower, and 
Nos. 1, 2, 3 and 4 looping tower pinch rolls followed by 
the furnace entry bridle or the No. 2 tension bridle, 
the automatic furnace tension control unit, the fur- 
nace, the furnace pulling or No. 3 tension bridle, the 
exit looping pit tower consisting of three looping tower 
pinch roll units, and the No. 4 tower tension unit. 

The primary function of the looping equipment is 
to store enough material both ahead of and behind the 
furnace to permit continuous furnace operation while 
the entry end is stopped for welding coils or the exit 
end is reduced in speed to transfer from one coiler to 
another. The amount of strip storage required is a 
matter of judgment based on welding time and line 
acceleration and deceleration time. In most operating 
installations, the furnace section is reduced in speed 
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just prior to and during the welding operation, which 
does not seem to be detrimental to the characteristics 
of the product, as the furnace responds quickly to 
the slower speed operating conditons. 

For the purposes of illustration, assume approx- 
imately 950 ft of effective strip storage in the No. 1 
entry loop, which at 2000-fpm furnace speed would 
allow approximately 28.5 see for entry end slow-down, 
welding, and acceleration to speed. This might be feas- 
ible considering that present seam welder operations 
take about 8 to 12 sec, and line acceleration and de- 
celeration could be accomplished in approximately 12 
to 15 see. 

Under actual operating conditions, such a short time 
cycle would not be practical, as very little strip storage 
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For slower speed installations such as silicon an- 
nealing, not requiring such a tremendous amount of 
strip storage, the mechanical looper or the free-hanging 
loop of the type indicated are about a stand-off in cost 
when considering mechanical equipment cost, electrical 
equipment cost, and the installation of the equipment. 
This stand-off is overbalanced when a larger quantity of 
strip storage is required, as indicated for this line. 

Looping towers have other advantages in allowing 
better strip tension control, and they do not involve the 
problem of strip turn-over and loop sway that is present 
where long free-hanging loops are used at high speeds. 

So far as the disadvantages of a mechanical looper are 
concerned, one of the main problems has been the in- 
ability to satisfactorily drive the rolls. On close analysis 
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Figure 5 — Arrangement of furnace section and exit end. 


would remain in reserve as a factor of safety. By re- 
ducing the furnace section and delivery section to a pre- 
determined ‘‘ welding speed,” a cycle of 45 to 50 see can 
be obtained. This will allow the operator to decelerate 
the line at a slower rate to observe the strip condition 
at the tail end of the coil, which is the portion that is 
threaded and accelerated through the cold mill and may 
be material that should be rejected. 

As in the case of the electrolytic cleaning equipment 
for such a line, the indication on this diagram of free- 
hanging loops was based on an analysis of the advan- 
tages and disadvantages of both free-hanging loops and 
mechanical looping towers. 

For a moment let us consider some of the advantages 
and disadvantages of both systems. So far as me- 
chanical loopets are concerned, their main advantage is 
the ability to store a large amount of strip in a rela- 
tively small area. Although their first cost is not low, it 
is less than the mechanical equipment involved in 
multiple free-hanging loops. From an installation point 
of view, looping towers usually are less expensive than 
the installation of all the mechanical and electrical 
equipment for free loops, plus the foundations pro- 
vided for looping area below floor elevation. 
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it is quite apparent that, when there is any speed dif- 
ferential between the furnace section and the other two 
sections of the line, the rolls in the looper are turning at 
infinitely variable speeds in relation to each other. For 
example, when the entry end stops, the rolls on the de- 
livery side of the looper are turning at the center section 
speed and the rolls on the entry side are at a standstill 
The balance of the rolls are turning at completely dif- 
ferent speeds throughout the tower, with some rolls 
actually revolving in a reverse direction. It has been 
rather generally agreed that rolls in a line such as this 
operating at high speed should all be driven with indi- 
vidual drives to prevent marking of the strip, particu- 
larly during acceleration and deceleration of the line. 
This presents a very complicated electrical problem 
which, to the best of our knowledge, has not been com- 
pletely solved. 

In the past, looping towers have presented a problem 
from a tracking standpoint, as the slightest misaline- 
ment of any one roll in the looping tower may tend to 
throw the strip off center; and this can be progressively 
aggravated as the strip passes over the multitude of 
rolls in the tower. Looping towers require good braking 
devices for crash prevention in the event that there is a 
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strip break. This problem has been overcome on more 
recent installations, as have the problems of carriage 
swaying, carriage acceleration and deceleration, and 
looping. tower tension control. The looping tower is 
difficult to thread, but this is probably a very minor 
disadvantage. 

In the consideration of the slack collecting means for 
continuous annealing lines, some thought should be 
given to inspection of the strip as it approaches the fur- 
nace. Frequently bad strip edges which may result in 
breaks within the furnace, requiring prolonged shut- 
downs for rethreading, can be spotted and steps taken 
to remove these flaws and reweld the strip. With the 
use of a looping tower, observation of the strip for this 
purpose is possible on the final pass coming from the 
tower, but detection at this point makes it very diffi- 
cult to stop the furnace section in time. 

In the case of the free-hanging loops, the main ad- 
vantages can be enumerated by comparison to the com- 
ments already offered on the looping tower. With ten- 
sion units and tower pinch rolls, there is no particular 
electrical problem in driving all of the rolls, thereby 
accomplishing better strip control and minimizing strip 
marking. With multiple free-hanging loops, suitable 
guides can be incorporated preceding each looping unit, 
and the tracking problem is consequently reduced. 
These were the main factors that influenced our indi- 
cating free-hanging loops. 

With free-hanging loops, visual inspection of any and 
all loops is possible; and strip flaws can be detected in 
sufficient time to slow down the center section of the 
line and take the necessary action to prevent their 
entry into the furnace. Crash prevention is not re- 
quired by the nature of the equipment; and if the strip 
breaks in the loop, there is a minor advantage in that it 
is relatively easy to thread the strip from unit to unit 
across the top of the tower and jog the line to form the 
necessary loops. 

The disadvantages of the free-hanging loops are the 
higher capital expenditure involved, the amount of 
space taken up within the building to obtain the desired 
amount of strip storage, and the problem of strip flop- 
over and loop sway. The tendency of the loop to turn 
over has been reduced on some operating installations 
by the utilization of drag magnets within the tower 
structure on both the up and down passes of the strip. 
These magnets serve the purpose of holding the strip in 
a steady condition, thereby controlling both strip flop- 
over and loop swaying. 

Having considered the advantages and disadvantages 
the free-hanging loop has been shown; and it is a great 
deal a matter of opinion or operating practice and ex- 
perience as to which type of looping device should be 
incorporated. However, if a looping tower is used, some 
advantage could be realized by installing another free- 
hanging loop immediately preceding the furnace, which 
would present an opportunity to realine the strip prior 
to its entry to the furnace entry bridle. This would in- 
volve an additional bridle in the line, whereas a looping 
tower alone would not involve any more tension bridles 
than are indicated for the free-hanging loop system. 

As to the individual items of equipment involved, the 
units are quite comparable to equipment that has been 
used in the past for similar applications. Tension bri- 
dles, for example, are of the offset roll type to obtain the 
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maximum amount of wrap per roll, with each roll driven 
by an individual motor. 

The furnace tension control unit isa mechanism which 
maintains a constant preset tension on the strip during 
its passage through the furnace. It consists of two fixed 
rolls and a tension-controlled, movable roll. The control 
scheme for the movable roll can be set up using a pneu- 
matic, hydraulic, or torque motor system for presetting 
tension, and the position of this roll then controls the 
furnace entry bridle by means of photoelectric position 
control. 

Following the furnace is located the No. 4 tension unit, 
or main pulling unit, for the purpose of pulling the 
strip through the furnace. This would also be a bridle 
with each roll individually driven, the main difference 
at this point being the type of roll used to withstand 
the operating temperatures normally encountered. 

The exit looping arrangement would be either looping 
towers or the free-hanging loops as indicated, except 
that there would be less looping capacity at the delivery 
end since two coilers will permit transferring from one to 
the other without stopping the recoiling section, com- 
monly referred to as “on the fly.”’ Thus the large amount 
of strip storage that is required to compensate for the 
entry end line stoppage for welding is not necessary at 
this point. 

The exit section or recoiling section of the line consists 
of the No. 5 tension bridle, transfer shear, carry-over 
conveyor systems, and No. 1 and No. 2 tension reels 
with their associated belt wrappers and coil cars. The 
No. 5 bridle is primarily the same as those described 
previously, and serves the main function of providing 
back tension for rewinding tight coils. The selector shear 
is normally an air-actuated shear which severs the strip 
material on the fly at approximately 400 fpm, and si- 
multaneously transfers the strip passage from one coiler 
to the other. The tension reels would be of the auto- 
matic shifting type with strip edge scanning equipment 
which could be of either the photoelectric or air-jet 
type to ensure straight edge winding of the finished 
coils. 

The belt wrappers have been indicated as the over- 
hung type, but it would be entirely possible to use the 
vertical type belt wrapper, which is mounted in the pit 
below the reel head and comes into contact with the head 
when the car is in the “out” position. Most types of belt 
wrappers have been successfully employed on compar- 


Figure 6— An automatic shifting winding reel is used. 
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able operations, and it is primarily a matter of opinion 
and consideration of first cost as to which type of belt 
wrapper should be used. The carry-over tables and feed- 
ing table to the two reels should be equipped with short 
sections of driven belt or driven rolls to ensure that the 
leading end of the light gage strip passes without hesita- 
tion to the reel head. 

The tension reels have inherently the same design 
problems and considerations that were previously dis- 
cussed for the coil holders; that is, the design of suitable 
heads for the small diameter heavy coils that are in- 
volved, plus the design of a proper stripper to ensure 
rapid removal of the coils from the head. Coil handling 
on the delivery end of the line once again depends upon 
the particular coil handling problem at the proposed in- 
stallation. Coils can be removed directly from the coil 
cars by overhead crane or ram tractor, or an upender 
can be installed at this point if it is necessary to trans- 
port the coils to temper mill storage with the eye of the 
coil in the vertical plane. Scales for weighing the an- 
nealed coils can be incorporated in conjunction with the 
coil car operation. The general operation of the tension 
reels is shown in Figure 6. 

The progress that is being made in the industry toward 
higher speeds and greater production from strip process- 
ing lines has increased the scope of such lines. For ex- 
ample, the annealing line which has been described 
would have an overall length of approximately 520 ft. 
Approximately 5000 ft of strip would be uncoiled during 
normal running. Consequently strip tracking is a major 
factor in obtaining satisfactory operation, and the most 
up-to-date techniques should be applied for guides, roll 
shape, dynamic balancing of rolls, tension control and 
the use of automatic centering devices. 

Additional continuous tin plate annealing facilities 
will be installed in the industry to meet the requirements 
of new product applications and the increase in con- 
sumption due to the growth of our economy. As in the 
past, the final arrangement of these lines of the future 
will reflect the result of the combined efforts of the steel 
producer and his equipment supplier. 


“ELECTRICAL DRIVES” 


By E. B. FITZGERALD 
Division Manager 
Industrial Control Sales 
Cutler-Hammer, Inc. 


Milwaukee, Wis. 


A IN this paper will be considered the special prob- 
lems encountered in the design and application of elec- 
trical drives to the strip propelling means of a hypothet- 
ica! 2000-fpm continuous strip steel annealing line. It, 
naturally, wil] not be possible to completely consider all 
facets of this subject. Fortunately, however, many char- 
acteristics of this electrical drive are similar to those of 
other continuous processing lines for pickling, cleaning 
or electrolytic tinning of strip steel. In this paper, it is 
therefore the intent to briefly review the basic electrical 
drive which would be recommended for a 2000-fpm 
annealing line, and to devote major consideration to 
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those differences or special features required for this par- 
ticular processing line. 

In general, the special requirements for a high speed 
annealing line electrical drive may be segregated into 
four major classifications. 

The first of these is a consideration of the required co- 
ordination between entry and delivery section drives to 
permit introduction and extraction of the coiled stock 
with sufficient rapidity so as not to affect the speed of 
the strip through the annealing furnaces. 

Second, cleaning of the strip prior to annealing is re- 
quired and, therefore, steps must be taken to integrate 
these two functions into a single processing line. 

Third, the low tensile strength of the strip steel in the 
annealing furnaces requires the use of many small 
helper motors in the cleaning and annealing sections of 
the line. Coordination and regulation of these helper 
motors is a major consideration. 

And last, methods must be provided to compensate in 
the electrical drive for changes in strip length caused by 
the heating and cooling of the steel in the annealing fur- 
naces, 

Neglecting for the moment the a-c drives for scrub 
brushes, spray pumps, exhaust fans, etc., we shall first 
consider the strip propelling adjustable speed d-c drive. 

The basic scheme is shown in Figure 1. Similar to con- 
ventional processing lines, this continuous annealing 
line is separated into three distinct sections; the entry 
and cleaning section, the annealing section and delivery 
section. Between each of these sections is a strip looper 
which provides material storage in the processing line to 
permit acceleration and deceleration of the entry and 
delivery sections for coil changes without affecting the 
speed of the annealing section. Assuming a required coil 
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Figure 1— Basic electrical drive system is divided into 
three sections. 


change time of 60 sec in the entry section, the entry 
looper on this line would require a storage capacity of 
2000 ft of strip. 

On the first 2000-fpm annealing line for which we sup 
plied control, there was insufficient room to install an 
entry looper of this capacity and, therefore, on entry 
section coil changes it was necessary to reduce the speed 
of the annealing section. However, since the heat con- 
trol of the furnace was interlocked to the speed of the 
annealing section through a rotating cam limit switch on 
the annealing section speed setting rheostat, this con- 
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dition could be tolerated without adverse effect on prod- 
uct quality. Nevertheless, in an annealing line it would 
be desirable to possess sufficient storage in the entry 
looper to permit operation of the annealing furnace at 
maximum speed even during entry coil changes. 

l‘igure | indicates that each of the three line sections is 
powered by a 250-kw, two field d-c adjustable voltage 
generator. The main field of each of these generators is 
capable of producing rate voltage on the machine and 
all three main fields are excited in parallel by a master 
exciter. Through a speed regulator operating in the field 
of this master exciter, speed regulation is provided in the 
annealing section. The rate of line acceleration and de- 
celeration is controlled by a motor operated rheostat in 
the reference field of the speed regulator. A tachometer 
generator driven by one of the rolls in the annealing 
section provides a feedback signal to the speed regulator. 

In the mian field circuits of the entry and delivery sec- 
tion generators are motor operated rheostats which per- 
mit the independent acceleration of the entry and deliv- 
ery sections. The rotational speed of these rheostats is 
adjustable from 5 to 15 see. Although it is desirable to 
accelerate and decelerate the entry and delivery sec- 
tions with great rapidity, so as to conserve the amount 
of strip in the entry and delivery loopers, the large varia- 
tion between inertias of the individual drives in the en- 
try and delivery sections dictates an acceleration time 
of at least five sec, and, therefore, the additional expense 
to provide rapid, current limit acceleration and decelera- 
tion of these sections is not justified. 

The auxiliary field of each main generator is capable of 
producing 20 per cent generator overvoltage. On the en- 
try and delivery generators, this overvoltage is used to 
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Figure 2 — Schematic shows entry section electrical drive. 


overspeed these sections after a coil change to restore 
the loopers to their normal operating positions. This 
auxiliary field is not used on the annealing section gen- 
erator, but is supplied on this machine to make all three 
generators identical for maintenance and substitution 
purposes. The auxiliary field excitation of the entry and 
delivery section generators is controlled by motor op- 
erated rheostats whose positions in turn are determined 
by photo electric limit switches in the entry and deliv- 
ery loopers. 

ligure 2 shows the electrical drive for the entry and 
cleaning section. The first point to note is the large vari- 
ation between individual drive ratings and hence the 


wide variation in mechanical inertias. Normal entry sec- 
tion deceleration is accomplished by returning the motor 
operated rheostat in the main field of the entry section 
generator to a low voltage point, and at this low voltage 
point dynamic braking is applied for final stop. Because 
of the wide variation in mechanical inertias, a problem 
arises in maintaining proper strip tension between 
drives during dynamic braking. For that reason, during 
dynamic braking only, the generator contactors are 
opened and the individual motor armature contactors 
are maintained closed together with the individual dy- 
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Figure 3— Schematic shows annealing section electrical 
drive. 
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namic braking contactors to provide a common dy- 
namic braking circuit for all motors in the section. This 
permits the transfer of energy from the high inertia 
drives to the low inertia drives, thereby maintaining 
equivalent strip travel on all drives during the dynamic 
braking stop. On emergency stops, individual motor 
dynamic braking is used. 

The 200-hp motors driving the coil holders have 6 to 1 
motor field speed range. This wide speed range is re- 
quired to accommodate the almost 5 to | ratio of outside 
to inside coil diameter. Due to the amount of power re- 
quired to accelerate these coil holders with a full coil 
on the mandrel, these motors are designed to withstand 
250 per cent momentary overloads. Each of the coil 
holder motors is supplied with an individual booster 
generator and the fields of both motor and booster gen- 
erator are in turn excited by a conventional rotating 
type current or tension regulator. 

The welder and the cleaning and rinse tanks contain a 
total of 34 rolls each driven by a 5-hp helper motor. In 
the welder, these rolls serve as positioning means for the 
lead and tail ends of coils. They are, however, in con- 
tact with the strip during normal operation of the line 
and, therefore, act as helper drives in propelling the 
strip through the welder. 

All 34 helper motors are connected in series with a 
common booster generator. This booster generator is of 
the two field type, one field of which is across a step of 
resistor in the booster generator armature circuit to 
provide IR drop compensation to these small motors. 
The other or main field is connected to the constant po- 
tential bus through a manual theostat on the operator’s 
desk. This rheostat regulates the overall torque exerted 
on the strip by these helper motors. To insure approxi- 
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mate load balancing between helper motors, 15 per cent 
cumulative armature compounding is used. 

The protective panels for the individual helper motors 
will be discussed later in this paper. The system de- 
scribed for the helper motor control in the cleaning and 
rinse tanks is extremely simple and we believe satisfac- 
tory even for a line of this great speed. However, if de- 
sired, a current regulator may be added in the main 
field circuit of the booster generator to regulate total 
current and hence total torque exerted on the strip by 
the helper drives. If such a regulator is used, it must be 
remembered that sink roll drives such as used in these 
tanks lose contact with the strip at speeds above 400 
fpm and at higher speeds a film of solution exists be- 
tween the strip and the helper rolls. Therefore, the cur- 
rent regulator must possess a voltage or speed over-ride 
to prevent excessive helper motor speeds during the 
time the sink rolls are not in contact with the strip. 

The No. 1 bridle is the pacer for the entry section. The 
bridle drive which consists of a 50-hp and 150-hp motor 
utilizes cross connection of motor series fields to load 
balance between motors. Proper motor design permits 
this cross connection even though the motors are of 
dissimilar horsepowers. 

The electrical drive for the annealing section of the line 
is shown in Figure 3. In this section the major differences 
between annealing line drives and those of other con- 
tinuous processing lines are most readily apparent. 
These differences are caused by the fact that in the an- 
nealing section, the tensile strength of the strip is re- 
duced by the high temperatures in the annealing fur- 
naces. Therefore, special measures must be taken in this 
section to maintain very accurate strip tensions and to 
eliminate tension build-up in the strip caused by the 
frictional forces of the mechanical drives. 

The No. 2 bridle extracts strip from the entry looper 
and feeds this strip into a free hanging loop between it 
and the No. 2 bridle. The purpose of this loop is to es- 
tablish minimum strip tension to improve strip tracking 
in the No. 3 bridle and in the annealing furnace. The 
use of this free hanging loop also divorces from the No. 
3 bridle, varying loads caused by changes in the amount 
of strip stored in the entry looper. The shunt field exci- 
tation of the No. 2 bridle roll motors is controlled by a 
photo-thyratron modulated loop controller operating 
in the free hanging loop. 

Strip tension at both the entry and exit ends of the 
annealing furnace is controlled by mechanical tension 
devices which exert. given forces on the strip as indi- 
cated by the arrows in Figure 3. For the moment, let us 
pend for further consideration the means by which this 
force is exerted on the strip and merely assume that a 
given force is applied to the sink roll of the tension de- 
vice in a downward direction. 

This method of establishing tension in the annealing 
section is extremely accurate and provides automatic 
compensation in the electrical drive for changes in strip 
length due to the heating and cooling in the annealing 
furnaces. A photo-thyratron modulated loop controller 
which measures the position of this tension device 
controls the excitation of the booster generator in series 
with the No. 3 bridle motors. The speed of the No. 3 
bridle motor is therefore automatically controlled to 
maintain the position of the tension device sink roll in 
the center of the photo electric loop controller. The 
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booster generator in series with the No. 3 bridle motors 
also contains an auxiliary field for IR drop compensa- 
tion. Similarly on the exit end of the annealing furnace, 
the position of the tension device sink roll regulates the 
excitation of the booster generator in series with the No. 
t bridle motors. Again this booster generator has an 
auxiliary field for IR drop compensation. 

By use of these tension devices, the group of helper 
motors driving the rolls in the annealing furnace in es- 
sence become the pacer of the annealing section and No. 
3 and No. 4 bridle motors are speed regulated to main- 
tain a given strip length between the bridles and the fur- 
nace. 

In that the annealing furnace used in this type of proc- 
essing line is of the vertical type, many small looping 
rolls are required in the furnace to provide the necessary 
amount of strip travel through the furnace. These 
many small rolls if not individually driven would cause 
a very substantial build-up of tension in the strip due 
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Figure 4 — Schematic shows helper motor protective panel. 


to the mechanical friction of each roll. Since the strip in 
the annealing furnace possesses a reduced tensile 
strength, it is necessary that each of these looping rolls 
be individually driven. 

In the proposed line, we have indicated 13 five-hp 
helper motors in the annealing section of the furnace, 
20 three-hp motors in the holding section and 22 three- 
hp motors in the cooling section. Each of these three 
groups of helper motors is connected in series with an 
individual booster generator. These booster generators 
in turn each have auxiliary fields for IR drop compensa- 
tion, and main fields by which the total current or total 
torque exerted by the group of helper motors may be 
controlled manually by the operator. To assist in load 
balancing between motors, each motor is provided with 
15 per cent cumulative armature compounding. As in 
the cleaning tanks, we again recommend manual torque 
control for each group of helper motors. If desired, an 
automatic current regulator could be added to the main 
field of each booster generator to automatically control 
torque. Unlike the automatic torque regulator for the 
helper motors in the cleaning tanks, this regulator need 
not contain a voltage or speed override control since the 
furnace rolls are dry rolls and do not lose physical con- 
tact with the strip at higher speeds. It should be noted, 
however, that the higher ambient temperature encoun- 
tered by the furnace helper motors requires class B in- 
sulation on these motors. 
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In the annealing furnaces it is not satisfactory to as- 
sume load balance between helper motors by cumulative 
armature compounding alone. Due to the lower tensile 
strength of the strip steel in the furnace, any small vari- 
ation in speed between adjacent helper motors could 
cause stretching of the material. Therefore, additional 
means are required for synchronizing furnace helper 
motor drives, 

A recommended speed matching means is shown in 
Figure 4. First, note the equipment included on the 
protective panel for each individual helper motor. This 
equipment would be the same for the helper motors in 
the cleaning tanks as well as the helper motors in the 
annealing section. The equipment would consist of a 
three-pole, circuit breaker with one pole in one side of 
the motor armature circuit and one pole in each side of 
the motor field circuit. In addition, the coil of the field 
loss relay would be included in the motor field circuit 
and the contacts of the field loss relay in one side of the 
motor armature circuit. Therefore, when the circuit 
breaker is opened, all four d-c leads to the motor would 
be disconnected. In addition, the helper motor protec- 
tive panel includes an armature ammeter, a field dis- 
charge resistor, and a manual motor field rheostat. 
This much of the protective panel would be common to 
the helper motors on both applications. 

Additional equipment is then included on the protec- 
tive panels of the annealing section motors to synchro- 
nize the speed of these motors. These motors would dif- 
fer from the cleaning tank motors in that three points, 
120 electrical degrees apart, on the motor armatures 
would be brought out through slip rings on the opposite 
end of the motor shaft from the d-c commutator. These 
slip rings in turn would be connected through a contac- 
tor and a set of resistors to a three-phase, bus circuit. 
lor each of the three groups of annealing section helper 
motors, this bus circuit would then tie together the slip 
rings of all motors in that group. This syncro-tie would 
provide the necessary torque to speed match the indi- 
vidual helper motors. The M contactor in the syncro-tie 
circuit has its closing coil in series with an interlock on 
the field loss contactor, so that when the circuit breaker 
in the d-e side of the motor is opened, the M contactor 
would also disconnect the motor from the syncro-tie 
system. 

Figure 5 shows a typical helper motor control panel. 
This panel would preferably be located along the an- 
nealing line near the helper motors which it controls. 
At the top of the panel are the armature circuit amme- 
ters and shunt field rheostats. At the bottom are the 
handles of the three pole circuit breakers. The field loss 
and syncro-tie contactors, as well as other control com- 
ponents, are mounted inside this cabinet with accessi- 
bility through rear doors. 

The amount of equipment included on helper motor 
protective panels is a subject worthy of major consider- 
ation in the design of eleetrical drives for continuous 
annealing lines. There are approximately ninety small 
helper motor drives on this line, each requiring a sepa- 
rate protective panel. It is extremely important that 
sufficient protection be afforded each helper motor 
within the limitation of economical design. 

Figure 6 indicates a suggested means of applying ten- 
sion in the annealing section through the two tension de- 
vices. The tension device indicated in this sketch is the 
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Figure 5 — Helper motor operator’s panel for tinning line. 


tension device between the No. 3 bridle and the anneal- 
ing furnace. The photo-thyratron modulated loop con- 
troller which excites the booster generator in series with 
the No. 3 bridle motors has been covered earlier in this 
paper. The proposed means of applying tension to the 
strip is to force the tension device sink roll down into the 
strip by means of an a-c motor driving a capstan 
through an induction coupling. The amount of torque 
exerted by the a-c motor on the capstan, and hence the 
amount of tension exerted by the sink roll on the strip is 
proportional to the field excitation of the induction 
coupling. This excitation may be controlled by a man- 
ual rheostat on the operator’s panel, and or may be au- 
tomatically regulated to vary the tension exerted by the 
sink roll under either operating or stalled conditions. 

The use of a capstan pulling on the roll is not necessar- 
ily the recommended mechanical arrangement, and 
many other methods could be used. Although the elec- 
trical means of exerting this tension may be somewhat 
more elaborate than the use of either pneumatic or hy- 
draulic cylinders, it does have the advantage of ease of 
adjustment from the operator's panel and permits a 
readily adjustable tension range between stalled and 
running conditions. 

The a-c motor and induction coupling system is the 


Figure 6 — Two tension devices are used for applying ten- 
sion in annealing section. 
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Figure 7— Schematic shows delivery section electrical 
drive. 


simplest and least expensive of electrical systems. In 
place of this system, a d-c torque motor with adjustable 
voltage generator and current regulator could be used. 

The delivery section electrical drive is shown in Figure 
7 and is similar to the drive for the annealing section in 
regard to coordination between the No. 5 and No. 6 
bridle motors, and similar to the electrical drive of the 
entry section in regard to the No. 1 and No. 2 winding 
reels. However, it should be noted that in the delivery 
section the booster generator excited by the modulated 
looper controller is in series with the No. 6 and not the 
No. 5 bridle motor. Although controlling the position of 
the free hanging loop by means of speed variation of the 
No. 6 bridle rather than speed variation of the No. 5 
bridle imparts some undesirable speed variation to the 
delivery section, the presence of this booster generator 
in the No. 6 bridle motors armature circuit provides 
much better tension control between the No. 6 bridle 
and the winding reels when accelerating under tension. 

The reels in the delivery section differ from the coil 
holders in the entry section in that they are equipped 
with belt wrappers. However, the motors are of the 
same horsepower, the same field range, and have the 
same 250 per cent momentary overload capacity. 

The delivery section differs from the entry section in 
that it is not necessary to stop the delivery section to 
change delivery reels. The proposed line requires only 
that the speed of the delivery section be reduced to ap- 
proximately 800 fpm for this changeover. 

Normally, the pusher pinch rolls located ahead of the 
snip shear are open and not in contact with the strip. 
Just prior to a coil change, the 75-hp pusher pinch roll 
motor is accelerated to line speed by means of armature 
circuit resistor. The speed of this pinch roll is manually 
adjusted to the speed of the No. 6 bridle by shunt field 
adjustment. When the speed of these two devices is 
matched as measured by two tachometer generators in a 
comparison circuit, the pusher pinch rolls are closed on 
the strip. The belt wrapper on the empty reel is moved 
into position and the empty reel is accelerated to the 
point that the peripheral speed of its empty mandrel 
matches line speed. To accomplish this speed matching, 
when the wrapper was moved into position it tripped a 
limit switch which converted the normal tension regu- 
lator on the reel to a speed regulator. When the empty 
reel has been prepared to accept the leading edge of the 
strip, the snip shear is operated. 
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As the strip is sheared, tension is lost between the No. 
6 bridle and the tension reel. The pusher pinch roll then 
acts as the propelling means for pulling strip through 
the No. 6 bridle. When the snip shear operates, a flipper 
gate directs the leading edge of the sheared strip to the 
empty reel. The strip is accepted by the belt wrapper 
on the empty reel and sufficient wraps to obtain a firm 
grip are wound on the reel. As soon as sufficient wraps 
have been made on the reel, the operator withdraws the 
belt wrapper. As the belt wrapper withdraws, the limit 
switch again operates to convert the speed regulator on 
the reel to its normal role of a current regulator. 

This rapid method of materia] handling in the delivery 
section of the line permits a major space saving in lim- 
iting the amount of strip storage required in the deliv- 
ery looper. 

The entire adjustable speed d-c strip propelling drive 
proposed for this line can be supported by three dupli- 
cate 250-kw, 300-volt d-c generators. These generators 
in turn can be grouped on one motor-generator set and 
driven by a 1000-hp motor. In addition, three five-unit 
booster generator and exciter sets would be required 
with a total driving motor capacity of 300 hp. Four indi- 
vidual rotating type tension regulator motor-generator 
sets would be required for the coil holders and tension 
reels. 

The a-c auxiliary drives for scrub brushes, spray 
pumps, fin mashers, threading devices, etc., would re- 
quire between 35 and 40 individual motors with a total 
demand approaching 750 hp. 

The motors for the coil holders and tension reels 
should be forced ventilated to provide sufficient cooling 
for extended operation at the low end of their wide 
speed ranges. All other motors could be standard 
dripproof, protected, 50 C rise machines. 

The control equipment for the adjustable speed strip 
propelling drives would require a panel of approxi- 
mately 6000 sq ft. Using a standard Class A panel, 
this would mean a d-c control panel 84 in. high, 50 in. 
deep, and 86 ft long. The a-c auxiliary motor control 
could be mounted in a unit type control center and 
would require a space, 90 in. high, 20 in. deep and 55 ft 
long. If back to back, unit control center construction 
were used, the depth of 20 in. would remain unchanged, 
but the length would be halved. 

Preferably the motor generator sets and control panels 
for this line should be mounted in a control house with a 
supply of clean air. However, due to the length of this 
line, it might prove economical to mount the individual 
section control panels and main and booster generators 
on the mill floor near their respective line sections. If 
this would be the case, covers should be provided for 
the motor generator sets and NEMA 1 enclosures for 
the control panels. A supply of clean air should then be 
piped to both the motor-generator sets and control en- 
closures. 

This paper has reviewed the basic electrical drive 
which would be recommended for a 2000-fpm continu- 
ous annealing line. In addition, those design features of 
this electrical drive that differ from features of drives 
for other types of continuous processing lines have been 
stressed. Finally, the paper provides some factual in- 
formation on the required number and size of rotating 
machines and control needed to successfully drive a 
2000-fpm continuous annealing line. 
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J. H. HOPPER, Steel Mill Engineering, Systems 
Application Engineering Section, General 
Electric Co., Schenectady, N. Y. 


G. J. HAY, Steel Mill Engineer, Westinghouse 
Electric Corp., East Pittsburgh, Pa. 


E. B. FITZGERALD, Division Manager, Industrial 
Control Sales, Cutler-Hammer, Inc., 
Milwaukee, Wis. 


J. H. Hopper: As these large continuous processing 
lines are designed for higher and higher speeds, the 
problem of strip storage in the entry and delivery loopers 
becomes a major problem both in engineering and in 
economics. As the author points out, if we assume a 
change time of 60 sec on the entry section, the entry 
looper on this line would require a storage capacity of 
2000 ft of strip. Obviously, a loop storage facility for 
2000 ft of strip becomes very large and expensive. It is 
believed that an overall economic study of the problem 
will indicate that it is less expensive to provide more 
complete automation of the changeover process, in- 
cluding the welding on of a new coil, and thus to reduce 
the required storage capacity by reducing the time re- 
quired for the change. Some of the better designed 
equipments can now change over to a new coil in about 
20 sec. If, with complete automation, this changeover 
could be made in 15 see. the required capacity of the 
storage facility would be only 500 ft. This would 
greatly reduce the size and cost of the equipment. 

The particular line under discussion apparently uses 
the looping tower type of loop storage facility as con- 
trasted with the multiple free-hanging loops. The use 
of these looping towers considerably simplifies the 
problems involved in the electric drive system. Multiple 
free-hanging loops introduce quite a problem for the 
designer of the electric drive system. However, the use of 
the free-hanging loops provides a simpler mechanical 
design. 

As the author points out, it is possible further to 
reduce the capacity of the entry looper by making 
automatic provision for reduction of the strip speed 
and the heat input to the furnace while changing coils. 
This slightly reduces the tonnage output of the line, 
which introduces another problem in economics. 

The speed control scheme illustrated in Figure 1 
certainly has some very good points. One of its principal 
advantages is its simplicity. It is also slightly less ex- 
pensive than somewhat similar schemes which have 
been used, with some type of voltage regulator on the 
entry section and delivery section generators. A debat- 
able question which always comes up, is whether it is 
better to eliminate regulators or to eliminate motor 
operated rheostats. A good many users these days 
apparently feel that it is better to eliminate the motor 
operated rheostats. This can readily be done without the 
necessity of using current limit acceleration and de- 
celeration, which also has some drawbacks. 

The 20 per cent generator overvoltage is provided on 
the entry and delivery sections in order to overspeed 
these sections after a coil change and restore the loopers 
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to their normal operating positions. This is slightly less 
overspeed than most similar lines with which we are 
familiar. I believe most of these lines have provision 
of about 30 to 35 per cent overspeed on the entry and 
delivery sections. Of course, this is not necessarily all 
provided by over-voltage. The gearing may be such 
that normal speed is below rated voltage. The reason 
given for specifying this amount of overspeed has been 
to assure ability to fill up the storage loops even when 
operating with the smallest size coil. 

From the description of the circuit given for Figure 
2, it is necessary to dynamic brake the entry section to 
a final stop after having decelerated in response to the 
motor operated rheostat. One advantage of using a 
voltage regulator here instead of a motor operated rheo- 
stat is the elimination of this transfer to dynamic 
braking. The regulator can be arranged to regulate right 
down to zero voltage, and thus stop the drives without 
dynamic braking. However, dynamic braking for 
emergency purposes is usually provided, at least on the 
payoff reels. 

I was particularly impressed by the 200-hp motors 
required to accelerate and decelerate the very large 
coils in the short time of 5 sec. About fifteen years ago, 
on some of the earliest continuous processing lines, 
we had payoff reel drives rated 5 kw. This is a dramatic 
indication of what increases in coil sizes and line speeds 
have done to payoff reel drives. 

Another notable difference between the most modern 
continuous processing lines and the earlier ones is the 
use of more and more small helper roll drives. This 
particular line has 87 of them. 

For the helper rolls which are not submerged in liquid 
baths, we believe the control scheme described by the 
author for the entry section is quite adequate. However, 
there may be some question on the submerged rolls. 
It has been noted that the effective coefficient of fric- 
tion between submerged rolls and strip traveling at high 
speeds is practically zero. When this condition is 
obtained, a motor with a drooping speed characteristic, 
or a drive with a constant torque characteristic is 
likely to accentuate the differences in speed between 
the strip and the roll, possibly causing scratching by 
solid particles entrapped in the bath. We believe that 
the submerged rolls should be treated differently from 
the unsubmerged rolls. The submerged rolls should have 
motors with flat speed characteristics, and if regulated 
they should be regulated with some type of speed regula- 
tor rather than with a torque regulator. This will mini- 
mize slippage at high speed. We believe that this is a 
better solution of the problem than a current regulator 
with a voltage or speed override. 

The author states that the method of establishing 
tension in the annealing section is extremely accurate 
and provides automatic compensation in the electrical 
drive for changes in strip length due to the heating and 
cooling in the annealing furnaces. I have not been able 
to convince myself that this automatic compensation 
feature does anything at all. It appears to me that these 
two tension devices at either end of the annealing fur- 
naces are operating at points where the strip is essentially 
the same temperature, and therefore traveling at the 
same speed. These two tension devices control the speed 
of the No. 3 bridle and No. 4 bridles respectively, but 
have no control of the speeds of the helper motors in 
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the heating and cooling zones. These helper motors 
might possibly vary 1 or 2 per cent in speed between a 
cold strip and a hot strip, but I would think that this 
amount of speed variation would be readily absorbed by 
the drooping motor characteristic, without causing a 
load variation of more than about 10 per cent. I believe 
that a more accurate statement as to the function of the 
two tension devices is that the use of two devices in- 
stead of one reduces the possibility of a considerable 
variation in tension from one end of the furnace to the 
other due to incorrect compensation of the friction load 
by the helper roll drives. Even so, it is important that 
the helper roll drives be adjusted to pull the individual 
friction loads and nothing more, if considerable varia- 
tions in tension within the furnace are to be avoided. 

The type of tension device described is well recognized 
and has been used for many years. Its accuracy is 
dependent on the mechanical friction of the roll posi- 
tion mechanism as illustrated in Figure 6. It can be 
made quite accurate if great care is taken in mechanical 
design to keep this friction to a minimum. The elec- 
trical manufacturer is here at the mercy of the machine 
designer. It should be noted perhaps that the control for 
No. 3 and No. 4 bridle motors are not truly speed 
regulators, since a true speed feedback signal is not 
used. 

The helper motor protective circuit, as divorced from 
the synchronizing circuit is very similar to runout table 
motor protective circuits which have been furnished 
since 1937. 

I regret that I cannot agree with the author in his 
application of a synchronizing circuit for the helper 
motors in the center section of the line. This circuit, 
using slip rings from the d-c motor armature connected 
to a synchronizing bus will tend to force all motors to 
operate in exact position synchronism. It seems to me 
that this is not exactly what is required. Suppose, for 
example, that the helper rolls are not exactly the same 
diameter throughout a certain section of the furnace 
say the holding section where the temperature is rela- 
tively constant. Any difference in roll circumference, 
however small, produces an accumulative error which 
will soon increase the phase angle displacement between 
the various motors to such an extent that the torques 
will be badly unbalanced and erratic and eventually 
pole slippages will occur. Furthermore, these variations 
and reversals of torque will be transmitted entirely 
through the a-c synchronizing bus, and it will not be 
readily apparent what is happening by observation of 
the d-c ammeters. Similarly, in the heating and cooling 
zones, each of which has a common synchronizing bus, 
the strip at maximum temperature will run on the order 
of 1 per cent faster than the same strip at minimum 
temperature, on account of the change in length due to 
thermal expansion. This 1 per cent difference in speed is 
enough to cause a serious unbalance of torques through 
the synchronizing circuit within a very few revolutions. 
In my opinion, the problem is not one of synchronizing 
roll position at all. It is rather a problem of assuring that 
each helper roll drive delivers just the right amount of 
torque to take care of the frictional losses in that par- 
ticular roll. When this is achieved, then the helper roll 
will neither add to nor subtract from the strip tension. 

Assuming that the tensile strength of the strip at 
elevated temperatures is approximately 8000 psi and 
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that the minimum strip cross section is 0.3 sq in., then 
the tensile strength of the strip would be 2400 lb. Now 
assuming that the tension devices are set to hold 1000 Ib 
tension in order to keep well below the maximum limits, 
it can be shown that the average friction torque com- 
pensation provided by the helper motors in the process- 
ing section must be adjusted to an accuracy of less than 
5 per cent of the motor ratings in order to prevent dan- 
gerous buildup of tension or complete loss of tension at 
some point in the holding section. This is not an easy 
thing to do. Even if the circuit is designed to regulate 
current in the helper motors, there is no guarantee that 
it is adjusted to regulate the right amount of current. 
One good solution to this operating problem would be 
to provide a reliable method of reading actual strip 
tension at a number of points in the line. One method of 
doing this might be to provide strain gages under some 
of the roll bearing pillow blocks. It is possible, of course, 
to design a circuit where this regulation of strip tension 
could be made automatic. However, it is questionable 
whether this additional complexity in the circuitry 
could be economically justified. Perhaps it would be 
sufficient if the operators could merely read approxi- 
mate strip tension at a number of points and make 
manual adjustments on the helper roll drives in accord- 
ance with that information. 

G. J. Hay: Mr. Fitzgerald has discussed several of the 
special requirements associated with the electrical 
drives for a hypothetical high speed continuous anneal- 
ing line processing steel strip in the tinplate gage range. 
Kach actual line presents its own design considerations 
for solution by the combined efforts of the steel plant 
engineers and the engineers of the furnace, mill and 
electrical equipment builders. In order to round out the 
electrical equipment builder’s views, the following com- 
ments are made on some of the points discussed in this 
paper. 

The scheme proposed for coordination of the entry or 
delivery sections with the furnace section utilizing the 
master exciter and motor operated rheostats control- 
ling the fields of the entry or delivery section generators 
is an interesting approach to a problem which presents 
itself on any line requiring a constant speed in the proc- 
essing section. It is true that this scheme has an eco- 
nomic advantage over another design such as current 
limit acceleration and deceleration incorporated in a gen- 
erator voltage matching regulator. However, let us con- 
sider certain operating features which may be deemed 
to be disadvantages. Assuming sufficient loop storage 
to maintain constant strip speed in the furnace section 
during coil introductions or extractions, the time re- 
quired for acceleration or deceleration of the coil 
handling sections will be dependent upon the rate of 
travel of the respective section generator main field 
motor operated rheostat. In other words, if the rate of 
travel is the minimum adjustment of 5 sec, then that 
time of acceleration remains constant for furnace sec- 
tion speeds of 500 or 2000 fpm. Certainly, it would be 
desirable to accelerate the section to 500 fpm in pro- 
portionately less time than that required for accelera- 
tion to 2000 fpm. A current limit circuit incorporated 
in a section generator voltage regulator and based on 
the section drive having the minimum commutating 
ability commensurate with drive inertia would provide 
a constant rate of speed change in the coil handling 
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section during coil changing operations. 

A secondary, but by no means unimportant, effect 
would be the requirement of variable inertia compensa- 
tion of the reels. The amount of inertia compensation 
should be fixed by the coil width and diameter since 
other components of a particular reel drive inertia may 
be considered constant. If the rate of speed change 
varies according to a constant time of acceleration or 
deceleration, it would be necessary to compensate for 
this additional variable in the inertia compensation 
circuit. 

It is our understanding that a common dynamic 
braking scheme is proposed for the entry section drives 
on all section stop operations with the exception of 
emergency stops caused by the operation of some ma- 
chine protective device such as a field loss relay. It is 
true that the common dynamic braking scheme serves 
as a means of equalizing the stored energy of the section 
drives; however, regenerative braking to a low voltage 
point followed by the application of suicide voltage to 
the section generator field would be more acceptable. 
Imergency stops, initiated by the operator, would 
cause a return of the motor operated rheostat to a 
minimum voltage point at a faster rate than that for 
normal stops. The feature of emergency stops by 
individual drive dynamic braking due to operation of a 
machine protective device would be retained. If 
voltage regulators were applied to the coil handling 





section generators, as previously suggested, strip ten- 
sions could be maintained for smooth stops by correct 
biasing of the regular system. 

It does not seem that a discussion of processing line 
electrical drives is quite complete without some con- 
sideration being given to regulating systems. An 
annealing line of this speed would be expected to be 
capable of handling relatively large coils. Rates of 
acceleration, in addition to coil inertia, would dictate 
special regulator system requirements. Time limita- 
tions do not permit a full discussion here on the subject ; 
however, we believe that full consideration should be 
given to the advantages of the application of magnetic 
amplifiers to all regulator systems on processing lines 
in this class. 

E. B. Fitzgerald: I wish to thank both Mr. J. H. 
Hopper and Mr. G. J. Hay for their very fine comments 
on this paper. I believe the paper and these comments 
present most of the alternative methods of applying 
electrical drives to continuous annealing lines. 

As Mr. Hay points out, each actual line presents its 
own design considerations for solution by the combined 
efforts of the steel plant engineers, the engineers of the 
furnace, and the mill and electrical equipment builders. 

It is my sincere hope that this paper and these com- 
ments will stimulate additional thinking on the subject 
of processing line drives, that will help to develop even 
better drives for future lines. 
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.... the demand for increased steel production will push the use of 


the all-basic open hearth furnace .... such units permit higher heat 
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and 
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ATHE all-basic furnace may be defined as a furnace 
in which the roof, front and back walls, port ends, 
downtakes, and at least part of the checker system are 
constructed of basic brick. The ideal all-basic furnace 
has not yet been built, but progress toward this objec- 
tive has been made in America and indeed more vigorous 
advances have been made in Europe. 

lor over 15 years the eventual adoption of the all- 
basic furnace in American open hearth practice has been 
predicted in numerous publications (1 to 8, inel.)* In 
1948 it was stated (2) “... The increasing use of basic 
refractories which has characterized open hearth con- 
struction during the past decade has now culminated in 
the operation of two experimental all-basic furnace ap- 
plications, both of which are regarded as successful.”’ 

This statement in 1948 might be considered highly 
optimistic since at the beginning of 1956, there were 
still only two operating all-basic furnaces. However, at 
this moment, there are six such furnaces in America and 
it appears highly probable that before the year is over, 
there will be several more. 

We are, in all probability, at the threshold of an era 
of open hearth furnace construction in which the use of 
the all-basic furnace will be common. By comparison, the 
use of basic main roofs now appears to be at the same 
stage of development as the use of basic ends was in 1946. 
The first basic end was built in 1943. By 1946, only six 
such furnaces were being operated by three different 
companies. From that point forward, increasing numbers 
of such installations were made each year, so that now 


? 


* Numbers in parentheses refer to Bibliography at end of 
paper. 
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there are well over 200 furnaces so equipped. Since the 
economics of the all-basic furnace are even more attrac- 
tive than those of basic ends alone, it seems that the 
pattern will repeat itself at an accelerated pace with a 
spectacular increase in the use of the all-basic furnace. 

In view of this, it seems proper to review the devel- 
opment of the all-basic furnace as we now know it, to 
consider those factors which have contributed most to 
its success, and to examine those fields of study where 
additional improvement would enhance its value still 
further. 


HISTORY OF THE ALL-BASIC OPEN HEARTH 
FURNACE 


The present all-basic furnace stems from two roots, 
one in America and one in Europe. The developments 
which took place were at many times divergent. It is 
only relatively recently that many similarities in the 
construction, refractories, usage, etc., of the furnaces 
here and abroad are apparent. Because of this, the two 
histories are separated in the following descriptions. 

Initially, both developments started with the discov- 
ery and development of improved basic refractories in 
the late 1920’s and the early 1930’s (9-11, inel.). These 
included the development of spall-resistant refracto- 
ries, such as chemically bonded magnesite-chrome brick 
and chrome-magnesite brick in both fired form and 
chemically bonded, and later, the use of such basic 
brick clad with thin sheet steel on their principal sur- 
faces. Without these materials, the present all-basic fur- 
nace could not exist. 

Development of the all-basic furnace in America—In 
America, the development which culminated in the 
present all-basic open hearth furnace started with the 
installation of chemically bonded magnesite-chrome 
brick in the shoulders of sprung arch roofs of a copper 
melting, reverberatory furnace at The International 
Nickel Company, Copper Cliff, Ontario, in 1928. These 
basic panels extended 36 to 48 in. out from the skews on 
both sides of the furnace, the balance of the roof being 
silica. The roof life obtained averaged 140 days as com- 
pared with 100 days for all-silica roofs (12). Later, an 
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attempt was made on another copper furnace (13) to 
widen the basic shoulders and construct the entire arch 
using sprung construction 15 in. 
arch failed after 37 days due to structural difficulties. 

The first large basic suspended arch was applied toa 
copper smelting furnace at the Hudson Bay Mining & 
Smelting Co. plant at Flin Flon, Manitoba, in 1932. 
Chemically bonded magnesite-chrome brick were used. 
All the roof brick were suspended and steel plates were 
placed in the joints between individual brick (14). The 
roof was a success from the start, running 386 days as 
compared with the average 95 days from sprung silica 
roofs. During the next few years, the suspended basic 
roof using unburned magnesite-chrome brick and steel 
plates in the joints became virtually standard for this 
type of copper furnace in Canada. This construction was 
the progenitor of the roof used in the present American 
basic open hearth roof. 

Reports of the excellent results of basic roofs on cop- 
per furnaces stimulated discussions in the steel industry 
the use of chemically bonded 
chrome-magnesite brick in shoulder sections adjacent 
to the skews in sprung open hearth roofs (16). In some 
cases, this practice has continued to the present. This 
work also led to the present extensive use of the combi- 
nation silica-basic or zebra roofs (16-20, incl.) and to 
occasional use of completely basic sprung 


(15) and 


The initial trials of suspended basic construction for 
the open hearth were made by the Bethlehem Steel Co., 
), beginning in September, 
1940. Two successive roofs with basic panels 11 ft wide 
extending from skew to skew, were installed. On a sub- 
sequent roof campaign, the entire main roof, knuckle to 
knuckle, was basic. The test was then discontinued, but 
it was reported (22), “This work took place about the 
time that business was picking up and we found it in- 
convenient to experiment further at that time. We are 
still very much interested in the basic roof and we hope 
that it will succeed.” 


at Johnstown, Pa. (6, 21 


The second suspended basic roof trials started at the 
lord Motor Co., in February, 1944 ( 
tests continued into 1947 with a total of five basic roofs 
being tried. They were discontinued with the conclu- 
sion that while the basic roof was not justified in the 
lord operation at that time, the basic ends were well 


warranted. 


At about the same time as the Ford experiments, 
Great Lakes Steel Corp. made trials of basic port roofs 
using construction (26, 27) which was more nearly simi- 
lar to roof development abroad. The eventual discon- 
tinuation of these tests tended to discourage further de- 
velopment along those lines in this country. 

In April, 1944, the Steel Co. of Canada started op- 
erating an all-basic furnace which continued with only 
short interruptions through six campaigns over a pe- 
riod of five years. Numerous improvements of design 
were achieved during this period. H. M. Griffith, A. K. 
Moore, and others, as well as their company, are to be 
commended for their notable pioneering work and their 
published reports of it (28-39, incl.). These tests dem- 
onstrated a decided production advantage for the all- 
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thick. However, the 


irch sections 
in open hearth port and main roofs. However, this work 
contributed little to present all-basie furnaces, since the 
construction techniques and refractories usage of the 
suspended roof were still to be developed. 


3, 24, 25). These 





basic furnace, although refractories consumption and 
fuel requirements were not entirely satisfactory. The 
tests were discontinued in late 1949 as attention was 
being focused on the installation of a new open hearth 
shop in this plant. 

During the period of the tests at Steleo, interest in 
the all-basic furnace in the U. 8. Steel Corp. led to the 
installation of an all-basic furnace at their South Works 
in Chicago, Ill., in April, 1947 (35-41, inel.). This fur- 
nace is still operated as an all-basic furnace. It is now in 
its 24th basic main roof campaign. The operation of 
this furnace also has contributed greatly to the devel- 
opment of the present all-basic furnace. Many experi- 
ments in furnace design, construction and operation 
have been made during its run. 

In July, 1954, an all-basic furnace was started at the 
Keystone Steel & Wire Co. in Peoria, Ill. (42). Mr. A. 
H. Sommer has reported on the construction and oper- 
ating results of this furnace (42—46, incl.). This com- 
pany’s second all-basic installation was made in Janu- 
ary, 1956. A third all-basic furnace was installed late 
in 1956 and the installation of the fourth furnace, to 
make the shop fully basic, is planned for 1957. 

In January, 1956, another all-basic furnace was 
started at the Inland Steel Co., Indiana Harbor, Ind. 
(47, 48). During 1956, plans for the conversion of three 
more furnaces to all-basic construction were made. Two 
of these, one located at the Laclede Steel Co., Alton, 
Ill., and the other at Jones & Laughlin Steel Corp. in 
Pittsburgh, Pa., are now being converted. The third 
such furnace is located at the Armco Steel Corp. at 
Middletown, Ohio. 

Thus, there are presently a total of nine all-basic 
furnaces in five different companies’ plants, operating 
or scheduled for conversion. The installations of several 
other all-basic furnaces are being considered. 

Development of the all-basic furnace abroad—FKar- 
liest development of all-basic furnaces in Europe started 
with trials of basic shoulders and combination basic 
and silica roofs similar to many American arrange- 
ments now used. These preceded the first trials of 
sprung all-basic main roofs in Germany and Austria in 
1932 (49) using a fired chrome-magnesite brick. Later, a 
construction was developed using suspended rib sec- 
tions with intervening valley sections which were 
sprung from skewbacks. This type of roof is still the one 
most widely used in Europe, although recently the use 
of fully supported roofs has begun. 

By 1935, some 15 all-basic roofs had been shipped 
(49). In 1937, 33 roofs were shipped; in 1938, 290 more 
were shipped, etc. In the ten years after 1940, over 
1,000 basic roofs were supplied. It isnot known how many 
different all-basic furnaces were involved. Partial basic 
roofs, similar to the German and Austrian furnaces, 
were also tried in Australia (50, 51) and England (82, 
53) during the late 1930's. 

By the end of the war, it became known that the all- 
basic furnace was in wide use throughout Europe (54). 
After the war, the numbers of basic furnaces in Europe 
decreased to some extent because of supply difficulties. 
However, early this year it was reported (45) that there 
were 208 basic roofs on the existing 537 furnaces in 13 
countries in Western Europe. Until 1950, all of the basic 
furnaces in Europe were built without the use of sus- 
pended basic ends. Considerable difficulty was experi- 
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Figure 1— Sketch shows plating arrangement of brick 
with internal plates. 


enced in maintaining the silica structure used to sup- 
port the ends. Since 1950, the use of suspended basic 
ends, following American practice, has been widespread. 
Most of the existing furnaces have been rebuilt with sus- 
pended basic ends and all new basic furnaces use the 
suspended construction. 

It is also interesting to note that in the early develop- 
ment of the all-basic furnace in Europe, the basic brick 
did not meet all the economic expectations in compari- 
son with silica. To achieve successful operation, it was 
necessary to develop furnace designs, bricklaying prac- 
tices and operating procedures compatible with the new 
material. Some of these changes include additional 
water-cooling of the front walls, gas ports, skewback 
channels, etc.; the use of archless doors, provision of 
proper expansion allowance, and many other changes 
similar to those instituted in America. 


REFRACTORIES FOR ALL-BASIC FURNACES 


The refractories practice for all-basic furnaces pro- 
gressed along different paths in Europe and America, as 
did the overall development. In both places, satisfac- 
tory basic refractories for the main roof have been the 
major concern in the development of the all-basie fur- 
nace, 

Basic refractories for open hearth roofs—In Europe, 
the brick most mentioned is a burned chrome-magne- 
site brick (7, 8, 15), similar to several American standard 
brick (4). 

Trials of the European brick in this country, both be- 
fore and since the war, have repeatedly shown no dif- 
ference between them and similar American products. 
This result has been verified enough times to allay the 
often made suggestion that the explanation of the ear- 
lier success of the European all-basic furnace was better 
refractories. 
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The conventional chrome-magnesite roof brick in 
Europe has not been provided with attached steel 
plates. The brick have normally been laid with thin, 
loose steel plates in the joints running across the fur- 
nace, and with wire screen or gauze in joints between 
brick in the rings. The use of plated, chemically bonded 
brick, according to American practice, is now being used 
extensively in European furnaces. rom early results, 
it appears that this practice will gain in favor. This is 
the first major change in refractories for European basic 
roofs since the early trials. 

In America, the first basic panel installed in an open 
hearth roof was made up of chemically bonded, chrome- 
magnesite, steel-clad brick (55) especially designed for 
roof service. Since then, this same brick has been used in 
roughly 90 per cent of the basic roofs installed thus far 
in America. 

At least 20 other basic brick, burned and unburned, 
domestic and foreign, varying in chrome-magnesite 
ratio from 1 to 10 to over 4 to 1, of different grinds, 
bonds, and with wide variation of chemical and physi- 
cal properties, have been tried in comparison with the 
first used brick. In every comparison to date, the com- 
position used in the original trial appears to have come 
out ahead. 

While the composition of the refractory materials has 
remained relatively unaltered, the results from the use 
of the all-basic furnace have changed drastically to suc- 
cessful operation and a bright future. This indicates 
that much improvement has been added from sources 
other than improvement in the properties of the refrac- 
tory materials themselves. 

However, there has been one major change in the 


Figure 2 — Cut section of used basic roof brick shows nor- 
mal cracks. 
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properties of the brick which has helped make this rec- 
ord. This change affects only the design and plating of 
the brick rather than the refractory materials (56). 

Originally the brick were clad with steel on the four 
principal surfaces. Thus, the brick cross section exposed 
to the furnace was 4! x 34 in., the full width and 
thickness of the brick. Starting in 1949, trials were made 
with brick which, in addition to the plates on the four 
principal faces, contained a plate embedded in the brick 
body. This plate extended longitudinally through the 
brick so that each brick was, in effect, made up of two 
half brick. The exposed cross section of individual re- 
fractory sections of this brick was only 344 x 214. The 
results of these trials were sufficiently encouraging that 
the brick with the single internal plate was widely used 
in American tests. 

In 1953, a brick containing two such internal plates 
which divided the brick into three sections, was tried in 
a roof panel and compared with the brick with a single 
internal plate. This new arrangement of plates pre- 
sented an exposed refractory cross section of only 3 x 1% 
in., as shown in Figure 1. The result of this change was 
startling. At the end of a full roof campaign, when the 
single internal plated brick were completely worn out, 
having a thickness of from 0 to 3 in., the test panel of 
double internal plated brick was 6 to 10 in. thick. Sub- 
sequent trials of full roofs of the double internal plated 
brick gave correspondingly increased life, and further 
split roof tests verified the original results. 

Before the double internal plated brick were used, 
basic roofs gave about twice the unit roof life of silica. 
With double internal plates, the ratio of roof life jumped 
to about three or more. This improvement was sufficient 
to lower basic roof refractory costs so that they became 
equal to, or lower than, those of silica roofs. 

In retrospect, the explanation of this result appears 
simple. lor years, the spalling or peeling of basic brick 
has been noted and recognized as the major cause of 
basic roof wear. Examination of used brick showed in- 
cipient cracks from 4 to 2 in. behind and parallel to the 
hot face, as shown in Figure 2. The development of 
these cracks is the forerunner of the peeling away of the 
hot face. This action has been discussed at length (7, 
24, 57, 58). However, it is only recently that the crack- 
ing has been demonstrated to be principally the result 
of reversible thermal expansion. Such cracks can be pro- 
duced in the laboratory merely by repeated heating and 
cooling of one end of the brick. 

Figure 3 is a diagram which illustrates this action. 
The bold lines represent a basic brick as installed in a 
furnace before heating. The lighter solid lines show an 
exaggerated view of its shape when the furnace is hot 
and a uniform temperature gradient through the re- 
fractory has been established. The corners of the brick 
at the hot face have moved from positions A and B to 
A-1 and B-1, respectively. The amount of movement is 
dependent upon the expansion coefficient of the brick 
material, the temperature rise and the distance between 
A and B. 

Assuming that positions A-1 and B-1 represent the 
condition of the brick at tap, within a few minutes, dur- 
ing charging, the furnace temperature will have dropped 
sharply. The hot face corners of the brick then try to 
assume the positions represented by points A-2 and B-2. 
However, if a thermocouple were measuring the temper- 
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Figure 3— Schematic diagram shows effect of reversible 
thermal expansion on a basic brick undergoing tem- 
perature changes. 


ature of the refractory at some position along the line 
C-C, little or no temperature change would have oc- 
curred, because of the lack of time to establish equilib- 
rium conditions. Thus, the edges of the brick at this level 
would have moved inwardly very little, or not at all. In 
this event, the hot end of the brick must try to assume 
the shape represented by the dotted line between 
points A-2 and B-2 and the edges of the brick at line C- 
C. 

This action when the furnace temperature drops, or 
its reverse when furnace temperature rises, obviously 
sets up severe stresses within the brick body. These can 
be alleviated to some extent by the formation of a crack 
along line D-D, or such as that shown in Figure 2. When 
the crack extends itself and finally reaches the edges of 
the brick, the whole brick section ahead of it is free to 
peel away. 

The effectiveness of decreasing the size of the exposed 
brick end on service life is striking. For example, in a 
split zebra roof test of double internal plated brick us- 
ing 6-in. wide keys in one-half of the roof and 4!%-in. 
wide keys in the other half, the smaller tile outlasted 
the larger by over 25 per cent. This result occurred 
when the decrease in size of the exposed refractory end 
was only from 3 x 2 in. to3 x 1% in. 

In addition to the effect of the smaller refractory 
faces, the presence of steel sheets embedded in the re- 
fractory, is helpful. The steel oxidizes in service and the 
iron oxide is absorbed by the refractory. This reaction 
appears to inhibit the development of spall cracks, as 
can be seen in Figure 2. Figure 4 shows this also in 
double internal plated brick. It will be noticed that 
while some cracks and fissures do occur in the double 
internal plated brick, they have less continuity, so that 
there is much lesser tendency for spalled pieces to peel 
away. 

Figure 4 also shows that the oxide from internal 
plates behaves more advantageously than the oxide 
formed from external plates. The internal plate is in in- 
timate contact with the magnesium oxide present in the 
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Figure 4 — Cut section of used double internal plated basic 
roof brick. 


refractory. In service, oxygen diffuses into the brick and 
combines with the metallic iron at the surface of the 
plate. The oxidized iron reacts with magnesia, forming 
magnesium-ferrite, Mg-Fe.O;. This compound has two 
desirable properties. It is quite refractory and it forms a 
solid solution in crystalline magnesia which is still 
more refractory. No expansion in the volume of the brick 
occurs due to the oxidation of the internal plates. 

External plates in the brickwork joints expand upon 
oxidation, because only part of the plate surface is in 
contact with magnesia. The surfaces not in contact with 
magnesia do not form magnesium ferrite, and as a re- 
sult, are only partially absorbed by the brick. The un- 
absorbed oxide forms a layer which is much thicker than 
the original steel. This section can push adjacent bricks 
apart and cause an entire roof to grow. This can cause 
some structural difficulties in basic installations. In- 
ternal plates do not cause such effects. 

Trials of internal plated brick in roofs in Europe in 
comparison with their normal practice, have demon- 
strated the advantages of the internal plated brick. In 
one instance, burned chrome-magnesite brick ribs were 
used with internal plated brick valleys. The valley brick 
protruded from the hot face of the roof throughout the 


lron and Steel Engineer, February, 1957 


furnace campaign. With all burned chrome-magnesite 
brick, about 750 heats to the first patch and about 900 
heat campaigns were normally obtained. The partial in- 
ternal plated roof gave over 900 heats to the first patch 
and a total campaign of over 1250 heats. Further trials 
of internal plated brick in Europe are in progress. 

Recently a further improvement in internal plating 
has been developed. The original double internal plated 
brick were suspended by means of a hanger which en 
gaged a recess or hole molded in the cold end of the 
brick. Because of this hanger recess, the internal plates 
terminated about three inches from the cold end of the 
brick. When the brick became thin, a crack developed 
at the end of the plates and the hot face of the brick was 
lost. The defect can be corrected by making the internal 
plates extend practically to the cold end of the brick 
This requires making the hanger recess smaller to fit be- 
tween the plates. 

The use of the internal plated brick is not limited to 
the roof. Trials in other locations have also yielded su- 
perior results. Internal plated basic brick can be expected 
to improve the life of all structures in which spalling or 
peeling of the brick is the major cause of wear. 

Internal plated brick do not improve resistance to 
chemical or slag attack, although in some instances 
they may permit the use of a more chemically resistant 
refractory, for example, a composition higher in mag- 
nesia, that otherwise would be unsatisfactory because 
of spalling. Double internal plated brick represent a 
tremendous stride forward in the development of basic 
refractories, but they cannot be regarded as a panacea 
for all basic brick problems. 

Another item of brick shape which has contributed to 
increased life and lower costs of suspended basic roofs 
concerns the provision for attaching a hanger to the 
brick. Figure 5 shows three brick with different hanger 
accommodations. 

The brick at the left consists of a socket within the 
brick body that will accept a hanger casting. This type 
has been used in several American basic roofs. 

The brick in the center has a socket at the extreme end 
of the brick. This socket is closed at the top by means of 
a steel clip pressed into the brick body. Thus, only 
slightly over one inch of the refractory thickness is used 
to provide support and more wearing refractory is 
available. This type of hanger accommodation has been 


Figure 5 — Three hanger accommodations shown are used 
for suspended basic roof tile. 
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widely used in basic roofs in America, and has also been 
used extensively in suspended basic end structures both 
here and abroad. 

The brick on the right in Figure 5 shows a means of 
hanger accommodation which permits the full thickness 
of the roof to be usable refractory (61). In this arrange- 
ment the steel casing is provided with an angle of stain- 
less steel so that one flange of the angle or tab, in which 
a slot has been punched, lies along one end of the brick. 
The brick is manufactured and shipped with the tab in 
this position, but when ready for installation in the 
furnace, the tab is bent up to the position shown in Fig- 
ure 5. 

The attachment of the tab to the brick is not depend- 
ent on the external plating. The metal from the punched 
slot becomes a finger or lug which is molded into the 
brick body. This alone is sufficient to carry the weight 
of the brick. 

The advantages of the tab hanging arrangement lie 
in the additional usable brick provided. Tab brick also 
are easier to use in patching. Two tab brick hang auto- 
matically from one hanger without wiring or strapping 
them together. 

The first tabs were made of common steel. Near the 
end of the runs of these roofs, some difficulties were en- 
countered from oxidation of the tabs. Since then, to 
avoid oxidation, the tabs have been made of stainless 
steel and no difficulty has been experienced. The econ- 
omies provided by the greater usable thickness with 
tab brick are favorable for roof construction. Some de- 
signs also incorporate their use in basic ends and other 
supported walls. 

Summarizing this discussion of basic roof  refrac- 
tories, there now are available basic brick which yield 
good service. Some further improvements may be pos- 
sible in roof refractories, and experimental work of this 
sort Is in progress. However, there is no need to wait for 
further development of refractories before capitalizing 
on the advantages of the all-basic furnace. 

Refractories for front and back walls—One of the 
more troublesome refractory areas in the all-basie fur- 
nace has been the front wall. This area must withstand 
severe slagging conditions in the lower sections, moder- 
ate to severe spalling conditions in the upper section, 
and severe mechanical abrasion. Of these, the slagging 
condition which causes undercutting, appears to be the 
worst offender. 

To date, no refractory has been found which will with- 
stand front wall service in all-basic furnaces without 
assistance. Such assistance is possible through judicious 
use of water cooling. Water-cooled coils or cooling 
boxes, properly spaced in the lower sections of the wall 
close to the slag line and in the splash area, can double 
or triple front wall life. 

This practice is recommended for all-basic furnaces. 
It is commonly used in Europe and has found applica- 
tion in virtually all of the all-basic furnaces in this 
country. Water-cooled skewbacks and, in some cases, 
in the upper parts of the back walls, have frequently 
been found advantageous also. 

When water-cooling is not used, the extensive use of 
relatively heavy (° 6 to 14) steel plates in every bed 
joint, or in alternate joints of both front and back walls, 
frequently improves life. When this is done, the plates 
extend outward from the cold face of the wall to tie 
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with the furnace frame. They then act as radiators to 
cool the wall. They are not nearly as effective as water- 
cooling. 

The refractories which serve best in front and back 
walls, with or without the cooling described, are of the 
chemically bonded, plated, magnesite-chrome or chrome- 
magnesite varieties. Double internal plating of brick 
has improved life in a few cases, but in these areas it 
offers little advantage in resistance to slag action. 
Water-cooling is recommended for the front wall piers 
of all-basie furnaces as the most likely solution to this 
problem. 

Refractories for basic ends—Other than the rapidly 
increasing use of internal plated brick in basic end, sus- 
pended and unsuspended sections, the refractory usage 
in basic ends has not changed for some time. A few 
plants prefer burned chrome-magnesite brick for some 
portions of the suspended sections, but over 80 per cent 
of the suspended brick in basic ends are steel-clad, 
chemically bonded, chrome-magnesite or magnesite- 
chrome brick. The same brick are used almost univer- 
sally in the unsuspended sections. In a recent compari- 
son, such brick in the end walls above the floor, were in 
good shape after 250 heats and were continuing in serv- 
ice, while on a similar furnace in the same shop, burned 
chrome-magnesite brick had to be patched before 
200 heats, and completely replace shortly thereafter. 
Overall, including both suspended and unsuspended 
brick, it appears that well over 90 per cent of basic 
brick in end structures are of the unburned, plated vari- 
ety. 

Refractories for checkers—Any_ discussion of _ all- 
basic furnace refractories would not be complete with 
out mention of basic checkers. This is a relatively new 
field for basie refractories. The use of basic checker 
brick began in glass melting tanks in 1933 (59). The 
basic brick were much superior to the siliceous mate- 
rial formerly used. As a result, the ports, checker cham- 
ber and checkers themselves have become basic for 
most glass tank usage. This has led to the use of basic 
checkers in European glass plants. Extensive tria!s, both 
in Europe and the United States, are in progress for 
open hearth regenerators (60, 61, 62). 

rom experience to date, it appears that basic brick 
pay for themselves in the upper courses of regenerators 
where fireclay brick are rapidly fluxed or melted. How- 
ever, greater advantage is possible through re-design of 
checker systems utilizing the properties of basic refrac- 
tories, to obtain higher air preheat. This subject is dis- 
cussed further in a later section. 

Almost any basic brick appears to give good service 
in checkers if the temperatures are in the low range. At 
higher temperatures, however, reaction between iron 
oxide dusts and chrome ore can cause growth of the 
chrome grains and set up forces which can cause failure 
of brick containing chrome. When temperature fluctu- 
ations are great, burned brick that are too hard and 
strong tend to crack into cubes because of their diffi- 
culty in adjusting to size changes caused by thermal ex- 
pansion and contraction. Yet, brick which are soft and 
punky are difficult to rehandle after use. 

Many regular and experimental brick are being 
tried. Most of these have been selected for trial on the 
basis of compromise between various of the above- 
mentioned wearing characteristics. Several of these 
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brick show promise, but the brick which will best meet 
the variety of conditions in different checkers, has yet 
to be determined. 

Such a brick is apt to be a chemically bonded brick of 
high magnesia content free of or low in chrome content, 
and so bonded that it will have sufficient strength after 
heating to permit handling, but sufficiently low in hot 
strength that its rigidity will not cause it to crack up 
under constant thermal changes. Brick intended to 
have just such properties are under test, but further ex- 
perience is needed to demonstrate their advantage. 


THE CONSTRUCTION OF ALL-BASIC OPEN HEARTH 
FURNACES 


Any structure should be designed according to the 
attributes and limitation of its component parts. When 
the material used to make the structure is changed, 
frequently the design should be changed also. Some- 
times, different designs will work, but usually one de- 
sign is better suited to fulfill the requirements. 

This is the present situation in basic roof construc- 
tion. Some five different designs have been developed 
and are presently used. At first glance they appear radi- 
cally different but, upon study, it is found that each pro- 
vides certain critical structural characteristics which 
are essential to the use of basic refractories. However, 
some of these designs work better than others. 

To compare the various structures, it is necessary to 
list the critical features they must provide. These items 
of construction have been identified as progress has 
been made in design development. Some were discov- 
ered fairly recently and were not considered in earlier de- 
velopments. Therefore, instead of presenting a chrono- 
logical story of design development, the features, be- 
lieved to be necessary in good basic furnace design, are 
discussed without reference to their discovery. Subse- 
quently the various designs presently used will be com- 
pared as to their capabilities for meeting the require- 
ments. 

Principals of good design—Any open hearth struc- 
ture must be capable of easy erection and repair. In ad- 
dition, for basic furnaces, the structure should provide 
for a minimum of compressive force applied to the re- 
fractories and a minimum of movement of any given 
point on the hot face of the refractory. This can be done 
by proper use of suspension, by elimination or minimi- 
zation of corbels, by providing proper expansion allow- 
ance and proper provisions for roof growth which re- 
sults from plate oxidation in the joints. 

Suspension—Suspension is helpful in’ basic open 
hearth roof construction to help carry the greater 
weight of the refractories and to prevent the thrusts de- 
veloped by this weight from being applied to the hot 
face of the brick. However, if the thrust can be confined 
to the cold part of the brick structure, the suspension 
can be eliminated. Because of this, the suspension of 
every brick is not a requirement. This is particularly 
true in furnace ends where suspension is used as much 
for design advantages as for structural reasons. With 
basic roofs, complete suspension offers several advan- 
tages both in supporting the brick so that there is little 
roof thrust and insuring that the roof will not fall in. 
Partial suspensions provide the required support but do 
not offer equal insurance of structural stability. The 
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Figure 6— Exaggerated diagram shows shearing stress 
resulting from thermal expansion in corbelled sections 
of a basic roof. Arrows show forces resulting from 
thermal expansion. 
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Figure 7 — Exaggerated diagram shows shearing stress set 
up by expansion joints in basic arches. 





slightly extra cost of full suspension over partial sus- 
pension arrangements is more than warranted for all 
large roof installations. 

Corbelling—Corbels on the hot face of a structure 
cause shearing stress to be applied to the hot end of the 
corbelled brick. Figure 6 shows a schematic diagram of 
this action. 

The ideal arrangement would eliminate corbels com- 
pletely. This can be done across an arch by using key- 
shaped brick in a true radial arch shape. However, some 
corbels are occasionally necessary along the length of 
the furnace. When this condition exists, the corbels 
should be of minimum possible size. In this connection, 
it should be mentioned that arched roofs built on cen- 
ters have much more uniformity of surface than do those 
which are hung from the furnace steelwork without 
centers. 

Expansion—The importance of the effects of ther- 
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mal expansion and contraction on individual brick has 
already been described. It is only logical that the cu- 
mulative effect of these movements should also. have 
major effect upon overall life. 

The best arrangement for expansion allowance would 
provide necessary space for the expansion of each brick. 
In addition, it would provide for the difference in ex- 
pansion at the hot face and the cold face of each brick. 
However, such provision would be so elaborate that it 
would be impractical. Another requirement is that the 
expansion allowance should not be overly large This is 
necessary to prevent gas flow through the joints. Also 
it has been found that too large joints cause rapid wear. 

Expansion provisions have been made in a number of 
ways Which vary in approach to the ideal arrangement. 
One extensively used expansion provision has been the 
so-called “block”’ arrangement. Expansion joints about 
14 in. wide, filled with spacers to decrease air or flame 
penetration, are provided about every two feet in both 
directions for a total allowance of about 2 per cent. 
igure 7 shows a schematic diagram of the closing of 
such a joint. Note that only the hot end of the joint 
closes. Thus, any pressure exerted on the roof must ap- 
ply at the hot face where the brick is weakest. Another 
disadvantage of this type joint is that the brick adja- 
cent to it must be moved a comparatively substantial 
distance to close the joint. This amount of movement 
of the hot face without corresponding movement of the 
cold face can easily cause tearing and peeling of the hot 
face. In view of all these things, if block joints are to be 
used, many small joints are preferable to a few larger 
ones. 

Another type of expansion allowance is provided by 
inserting wire gauze between brick in a ring across the 
furnace. The mesh size of the gauze is usually about 
14 in. and the wire diameter is about 0.04 in. The gauze 
replaces sheet steel in the joint and serves other pur- 
poses besides providing for thermal expansion. How- 
ever, the expansion allowance it provides is an impor- 
tant part of its function. 

The full joint thickness is double the wire diameter. 
However, the points at which the wires cross cover a 
very small area of the joint. In service, the wire oxidizes. 
The oxide melts out of the joint near the hot face. Be- 
hind this area in an intermediate zone, the oxide at 
points where wires intersect can crush to provide for ex- 
pansion. Meanwhile, the unoxidized portions of the 
gauze near the cold face maintain the joint at full thick- 
ness. This type joint fulfills its function in permitting 
expansion, but the absence of the steel sheet from the 
joint has been harmful to refractory life. 

A third type of expansion provision for basic roofs to 
be used in the transverse direction across the arch is 
the use of double water-proofed insulating sheathing 
board on the skew faces. This practice was developed 
for use on silica roofs. In basic construction, about 1 
per cent of the total are of the roof is made up of such 
insulating board spacers divided evenly on the two skew 
faces. 

In service, the insulating board is destroyed near the 
hot face, but it merely chars and compresses to some ex- 
tent near the cold face. Thus, it provides for greater ex- 
pansion of the hot face while supporting the cold face. 

Recently, this type of expansion allowance has been 
supplemented with about 0.75 per cent of the total are 
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of the roof as thin asbestos spacers inserted in every 
other hot face joint to a depth of only about 2 in. This 
provides hot face expansion but none for the cold face. 
This arrangement of expansion allowance is illustrated 
in Figure 8. 

The combination of the insulating board on the skew 
faces and the asbestos strips in the hot face joints has 
been eminently satisfactory. On heating such a roof, 
even though the skews are free to move, little or no 
movement is observed. 

Spring supported skewback—Design provision for 
roof growth across the arch resulting from plate oxida- 
tion in the joints is achieved by suspending the rear 
skew of the arch and supporting it laterally by a spring 
arrangement. The spring support is used so that the 
pressure applied across the roof can be controlled with- 
in predetermined limits. No special expansion provision 
is necessary for longitudinal roof growth but greater ex- 
pansion allowance is provided. 

The spring support for the skews also provides an- 
other reason in favor of full suspension of the roof. With 
full suspension, very low skew pressures are possible. 
This tends to insure that little force can be applied to 






INSULATION BOARD WITH 
TOTAL THICKNESS AMOUNTING 
TO ABOUT 1% OF INNER ARC 


ASBESTOS EXPANSION SPACERS 
TOTALLING ABOUT 0.75% OF INNER ARC 


Figure 8 — Expansion provision has combination of insu- 
lation board on the skew faces and asbestos expansion 
spacers in joints at the hot faces. 


the brick hot face. If only partial suspension is used, 
skew pressures must be much greater. Where this prac- 
tice is used (66), elaborate and difficult procedures of 
spring adjustment have been used to maintain the roof 
in its original position and keep it from rising. If much 
rise of the roof were permitted, the roof thrust would be 
exerted on the hot face and refractory failure might re- 
sult. The use of full suspension and light springs on the 
rear skew virtually precludes this possibility. 

Roof growth of as much as 8 to 10 in. at the skew- 
back, has been observed. However, the movement this 
growth causes does not appear to be as harmful to the 
roof as other movements. The probable reason for this 
is that the plates “‘grow”’ deep in the joints away from 
the hot face. However, if the growth is not accommo- 
dated, it can cause the roof to buckle upward. When this 
occurs, the thrust of the buckled area must be carried 
on the hot face. Rapid wear in such areas has been ob- 
served. 

The spring supported, suspended rear skewback pro- 
vides the best means for accommodating roof growth 
that has been devised to date. However, a basic roof in 
service becomes so welded together that it acts like a 
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monolith. In this condition, local buckles can occur 
which the springs will not accommodate. 

Ribbed roofs—Most fully suspended basic roofs have 
been of uniform thickness, although the rib and valley 
construction is now being tried. The use of the rib and 
valley construction tends to provide a more stable 
structure. It should tend to counteract the buckling ac- 
tion which may occur. Another advantage of the rib and 
valley roof is that when patching becomes necessary, 
the patch can be stopped adjacent to a rib with ade- 
quate lateral support even though the roof thickness in 
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transverse expansion allowance would probably ease 
this situation. 

The holding down devices used in conjunction with 
the suspension do not appear necessary on the basis of 
American trials with fully suspended roofs. However, 
they may be helpful to the partial sprung construction. 

Trials of fully suspended constructions, according to 
American practices, are now progressing in Europe. 

Fully suspended corbelled roofs—The earliest sus- 
pended basic roofs in America consisted of vertically 
hung brick forming a flat roof with a small corbelled 
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the next valley would not be sufficient for this purpose. 
With a uniform thickness roof, a much larger patch 
would be required. 


BASIC ROOF CONSTRUCTIONS 


Partially suspended ribbed roofs—The European roof 
design used almost universally, to date, has been es- 
sentially a rib and valley, true arched roof, which is 
only partially suspended (4, 40, 45, 49, 63). The rib 
courses are suspended but the valley courses are sprung. 
The rib courses are held down as well as suspended, to 
help maintain roof shape. Schematic diagrams of this 
arrangement are shown in Figures 9 and 10. 

The rear skewback of the roof is suspended and sup- 
ported laterally by springs. The skew is also free to 
pivot around a horizontal axis to provide additional 
differential expansion allowance for the hot and cold 
faces of the roof. Otherwise, the only expansion allow- 
ance across the roof is made with wire gauze in the ra- 
dial joints. Longitudinal expansion is provided as small 
block-type joints at intervals along the length of the 
furnace. 

Such roofs are laid on centers and the brick are at- 
tached to the suspending members after bricklaying is 
finished. This design meets the requirements of good 
basic construction. The combination of partial suspen- 
sion and sprung construction necessitates extremely 
careful control of skewback springs during heating up 
and operation of the furnace. Improved design of 
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construction along the skewbacks (4, 64). Figure 11 
shows a schematic diagram of this arrangement. 

The skewbacks with this arrangement may be rigid or 
suspended. However, when suspended, no spring sup- 
port is provided. Instead, a compressible insulating 
block may be inserted between the skewback channel 
and the furnace buckstays, to provide a yielding sup- 
port. Expansion is usually provided as !5-in. wide 
block joints on about 2-ft centers. 





Figure 10 — Longitudinal section of a European all-basic 
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Figure 11 — This 
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The roof is hung from the steel superstructure by 
bricklayers standing on scaffolds built in the furnace. 

Despite the disadvantages of the corbelled arrange- 
ment, the block expansion joints and the absence of 
spring support on the skewback, this style of construc- 
tion has continued in use in both the copper industry 
and on some open hearth port roots. Recently, a Euro- 
pean furnace was built with double internal plated brick 
using a similar construction and has operated with ap- 
parent success. However, in almost every case where 
construction of this type is used, it is probable that im- 
proved results could be achieved by changing the con- 
struction to more modern designs. 

Suspe nded radial roof A true radial arch design for 
basic furnaces developed in America is shown schemati- 
cally in Figure 12 (65). In this arrangement, suspend- 
ing members are bent or cut to be concentric with the 
desired arch contour. Key-shaped brick, suspended by 
hangers from these members, are laid against skew- 
backs to form the arch. 

The rear skewback is suspended and supported later- 
ally by light springs. In early trials, block expansion 





first Ameri- 
can all-basic 
roof. 








joints were used, but later the combination of | per cent 
insulating board on the skew face and 0.75 per cent of 
asbestos spacers in the hot face joints, has been adopted 
for transverse expansion. Longitudinal expansion of 
about 2 to 3 per cent has been provided using block-type 
joints of about 14 to *¢ in. every 12 to 14 in. along the 
furnace. 

In most cases, such roofs have been hung from the 
steel superstructure by bricklayers standing on scaf- 
folds in the furnace. However, using brick with tab 
hanger accommodation, the brick can be laid on cen- 
ters and attached to the steelwork later. 

The radial roof proyides all the requirements of good 
construction. It has been used for over two-thirds of 
the suspended basic open hearth roofs used in America 
and is used on two of the existing basic furnaces. This 
style of roof is also being used on recent copper furnace 
installations and is being tried on European open 
hearths. 

It is interesting to note that during the period of op- 
eration at one of the existing all-basic furnaces, the rise 
of the roof has been changed from time to time so that 
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a range from approximately one-half inch per foot of 
span to about 1.6 inches per foot of span has been cov- 
ered. No outstanding difference in performance as a re- 
sult of these changes has been noted. In view of this, it 
might be expected that no great difference would occur 
if an entirely flat roof were used. This appears to be the 
case. 

Flat suspended roofs—The flat suspended basic roof 
is now being tried for the open hearth. This design re- 
turns to the vertically hung brick arrangement, the roof 
being flat from front to back and from end to end. In 
this way there are no corbels in the roof. This arrange- 
ment is shown schematically in Figure 13. 

The spring support at the rear of the flat roof has been 
retained in this design development. The expansion 
provision has normally been of the block type with !- 
in. wide joints on about 2 ft centers. Roofs of this design 
are hung from the steel superstructure by bricklayers 
standing on sceffolds built in the furnace. 

It had been hoped that the flat roof would eliminate 
buckling of the roof. However, buckling of flat roofs has 
occurred. Buckling of the roof appears to be more a 
function of roof growth as a result of plate oxidation 
rather than one of roof shape. 

With flat roofs, the front and back walls must be 
come quite high so that the roof is not in danger of 
being hit by scrap during charging. Normally, it is 
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Figure 13— Schematic diagram shows general arrange- 
ment of a flat basic roof. 


necessary to suspend the upper portion of the front wall, 
particularly in those areas that form the door lintels. 
Also, it has been deemed advisable to install water cool- 
ers in the upper sections of the back wall. 

Completely sprung roofs—Still another possibility for 
all-basie roof construction is the completely sprung 
roof (61). Several such sprung arch constructions with 
rigid skewbacks have been tried on open hearth port 
roofs and main roof sections of less than 16-ft span (66). 
They have been quite successful, though their use is 
still in the development stage. Virtually the only dif- 
ference between these sprung basic roof sections, some 
of which have lasted in service for more than 700 
heats, and those which failed miserably in early basic 
roof experiments both here and abroad, is in the expan- 
sion provision. In view of this, it follows that sprung 
arches of larger span may be feasible. This is probably 
true. However, to construct large sprung basic arches, 
it is probably necessary to strengthen the furnace frame 
considerably to carry the additional weight of the basic 
brick. The cost of such work would approach that of the 
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changes needed for suspended construction. Further 
work must be done to determine the extent to which 
sprung basic arches can be used. 


THE OPERATION OF ALL-BASIC OPEN HEARTH 
FURNACES 


The field of furnace operations is one in which many 
changes have occurred since the beginning of all-basic 
furnace trials. These changes have had broad effect on 
the success of the all-basic furnace, more effect, in fact, 
than the improvements made in the fields of refracto- 
ries and furnace construction. 

Increased furnace productivity has been the order ot 
the day. For example, in the decade from 1946 through 
1955, vearly production climbed from 81,200,000 tons 
to 110,200,000 tons. During the same period the number 
of operating open hearth furnaces actually decreased 
from 990 to 924 (67). The increase in productivity for 
the average individual furnace was over 45 per cent 

The principal function of an open hearth furnace is to 

supply the heat necessary to melt and finish the charge 
68-72, incl.). In view of this, the increase in produc- 
tivity represents a tremendous increase in the heat re- 
leased within furnace walls. It also represents substan- 
tial increase in the effective furnace temperature 

Open hearth operations are conducted at tempera- 
tures approaching that of the melting point of pure sil- 
ica. With any major increase, the furnace temperature is 
liable to exceed this value. If this is done, the wearing 
rate of silica refractories becomes disastrous. The need for 
more refractoriness in the furnace structure becomes 
imperative. The all-basic furnace meets this require- 
ment. 

This does not mean that improvements ol productiy - 
ity of silica furnaces have not been made or are no longet 
possible. To the contrary, almost all of the progress 
made thus far has been accomplished in silica furnaces 
Further improvements can still be made. However, in 
almost every instance, the limiting factor on further in- 
creased producti itv 1s the refractoriness of silica in the 
furnace or fireclay in the regenerators. With basic ma- 
terials in these sections, the efficacy of the same prac- 
tices which promote production but destroy acid re- 
fractories, is enhanced and still more production can be 
obtained with the use of all-basic construction 

To demonstrate this, a review of the major practice 
changes used in achieving higher productivity and their 
impact upon the all-basic furnace is in order. Evalua- 
tion of these factors in this relationship will also indi- 
cate where further improvements are likely to be found. 

The changes in practice which yield greater produc- 
tion can be classified broadly into four groups, namely, 
those dealing with the furnace charge and its distribu- 
tion, with combustion, with metallurgical refining, and 
with furnace availability. 

Improvements of productivity related to furnace charge 

Practice improvements for increased productivity 
with regard to furnace charge and its distribution in- 
clude increases of heat size (73-75, inel.), faster charg- 
ing of the furnace with scrap preparation and improved 
handling (76-84 incl.) and increases of the hearth area 
of the furnace (85-89, inel.). 

Experience to date shows that when heat size is in- 
creased, the larger cold charge becomes a more efficient 
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heat absorber. In effect, the temperature difference or 
heat head between the hot furnace and the cold charge 
is increased, thus promoting heat transfer while heat 
losses from the furnace remain relatively unchanged. 
Heat time may increase but productivity per hour also 
Increases. 

Normally, heat is supplied at a faster rate with the 
larger heats and refractory wear increases. In many 
cases, this increase of refractory wear has been suffi- 
ciently severe that necessary repairs seriously affect fur- 
nace availability. As a result, with furnaces of increased 
heat size, there has been an increasing trend toward the 
use of more and more basic refractories. For example, 
almost all furnaces over 250-ton capacity are equipped 
with fully basic ends. Little operating experience with 
all-basic construction for furnaces of largest size has yet 
been obtained, although such installations are now 
being tried. Everything points to a successful applica- 
tion. 

With large size furnaces, a huge volume of scrap is 
charged. With its great heat absorbing capacity, there 
is a tendency toward greater temperature fluctuation. 
As has been pointed out, wide temperature fluctuation 
with corresponding thermal expansion and contraction, 
encourages wear of basic roofs. These temperature 
swings can be minimized by firing high fuel input rate 
during the fettling and charging periods. This should be 
done. 

With internally plated brick, wear from this cause is 
no longer considered a critical factor. For example, re- 
cently such brick in a top charge electric furnace of 
about 135 tons capacity have withstood the drastic heat- 
ing and cooling required in making three- to four-hour 
heats. Such severe treatment is not likely in any open 
hearth. 

All-basic furnaces are well able to withstand the con- 
ditions found in furnaces of increased size such as those 
making double size heats for tapping through bifur- 
cated spouts. No concession on improved productivity 
from the use of increased heat size is required for the all- 
basie furnace. 

Rapid charging of the furnace decreases heat loss. 
The undesirable heat loss can be countered to some ex- 
tent and furnace temperature maintained even better 
by the maintenance of high firing rate throughout the 
charging period. These factors have tremendous effect 
in promoting fast melting. Improvement of scrap prepa- 
ration and handling, increases of charging box size, 
etc., to speed charging, materially increase furnace pro- 
duction. 

The effect of the more uniform roof temperature pro- 
vided by rapid charging is beneficial to basic refractory 
life. It has little effect on silica life. For basic furnaces, 
rapid charging is highly desirable both for this reason, 
as well as for its production advantages. 

Increasing of the furnace hearth area to provide a 
greater exposed area of charge for heat transfer has, in 
itself, little or no effect on basic refractories. However, 
without basic refractories, increases in hearth area of 
the magnitude which have been achieved, would not 
have been possible. The use of basic refractories in fur- 
nace ends with thinner walls, suspended construction 
and the design changes permitted by their greater re- 
fractoriness, has made available considerable space for- 
merly required for structural stability of the furnace end. 
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This can now be utilized to provide additional melting 
space. 

Increases of furnace productivity of as much as 8 
per cent have been reported as the result of substantial 
increases of hearth area (89). However, such increases 
are closely related to combustion practice and port de- 
sign. These can also affect productivity and it is diffi- 
cult to separate the effects of each. These subjects are 
discussed later. 

Upon review of the size of the ends of most furnaces, 
it appears that full advantage of possible increases in 
hearth area have not been realized. Further develop- 
ment along this line entails the use of fully basic ends 
and re-design of furnace ports. Greatest improvement 
can be realized if the heat head above the heat transfer 
surface is materially increased. This requires that basic 
roofs be used. 

Overall, the all-basic furnace is well suited for the 
adoption of the various practices related to furnace 
charge which tend to promote production. In one in- 
stance, the attainment of maximum hearth area within 
a limited space, the use of basic refractories is essential. 

Improvement of productivity related to combustion 
The importance of achieving the maximum obtainable 
heat head in the furnace chamber above the bath has 
long been recognized as a major factor in rapid melting 
operations (39, 68, 69, 70, 71, 72, 90, 91). A greater heat 
head can be achieved by bringing more fuel into the 
furnace system or by providing conditions which pro- 
mote more efficient combustion, or both. In either event 
the temperature of the furnace, throughout its parts, is 
increased. Frequently the volume of gases which must 
be handled by the furnace is also increased. Both of 
these factors contribute materially to the wear of re- 
fractories. 

Inasmuch as the rate of wear of silica and fireclay re- 
fractories has been the limiting factor in determining 
the temperature at which the furnace can be operated 
without excessive maintenance, the advantage of more 
refractory materials which will withstand higher tem- 
peratures is obvious. Basic refractories provide this con- 
dition. The use of the all-basic furnace permits the use 
of operating practices which increase furnace produc- 
tivity but destroy acid refractories. 

Increase of fuel input—Fuel input into the furnace can 
be increased in two ways, by increasing the maximum 
input rate or by maintaining high input rate for a longer 
time. Generally, where basic furnaces have been op- 
erated, they have had a greater fuel input from both 
sources than corresponding silica furnaces (92). This 
has been true despite notable increase in the firing rate 
of the silica furnaces. For example, in one shop the av- 
erage fuel consumption per hour for silica furnaces in- 
creased about 15 per cent from 1950 to 1955, while the 
basic furnace average was maintained at about 16 to 
25 per cent above the silica firing rate. Other basic fur- 
naces have operated at 10 to 25 per cent greater fuel in- 
put than corresponding silica furnaces. 

With the increase in fuel input into silica furnaces, 
silica roof life has dropped markedly despite improve- 
ment of the silica refractories and other ameliorating 
changes. Under similar conditions, basic roof life has in- 
creased with improved brick and improved construc- 
tion. 

In some cases, the basic furnaces have operated at 
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about the same maximum input rate as the silica fur- 
naces, but the maximum firing rate has been continued 
through the ore and lime boil periods when normally 
the fuel input would be reduced with silica roofs to pre- 
vent “burning” or rapid wear. During these periods with 
the bath actively boiling or ‘“‘open,”’ it is in condition to 
absorb heat rapidly, but because of the reflecting nature 
of the bath, silica refractories cannot stand up without 
decrease of fuel input. With basic roofs the rapid heat 
transfer provided by maximum firing rate can proceed. 

The higher firing rates with all-basic furnaces have 
produced melting rates varying from about 10 to 25 
per cent over corresponding silica furnaces. The vari- 
ition is caused by the many other factors which affect 
productivity. Where maximum firing rate has not been 
nereased, the increase in productivity has been in the 
neighborhood of 10 per cent. These comparisons are 
true even though the productivity of silica furnaces has 
been increased by as much as 25 per cent during the 
period of comparison. 

Combustion conditions—In all the foregoing it is as- 
sumed that the increased fuel input has been burned 
efficiently to achieve good heat transfer. The results in- 
dicate that this assumption is true (39, 81, 82, 85, 93, 
94, 95). However, efficient burning of more fuel is not 
always easy. Five years ago fuel input of 100,000,000 
Btu per hour was regarded as high. Recently 200,000,- 
000 Btu per hour has been mentioned as being within 
practical limits (61). To burn such large volumes of fuel 
within the confines of an open hearth furnace chamber 
requires that the fuel and necessary combustion oxygen 
be mixed intimately and quickly, achieving a high flame 
temperature and or a more radiant flame. 

This can be done by improved regulation of fuel and 
air sources, atomizing media, furnace pressures, draft 
and other normal combustion controls (85, 94, 96); by 
the use of oxygen enriched air for combustion (97-105 
incl.); by the adoption of furnace chamber and port de- 
signs which favor rapid combustion or by a combination 
of these factors (85, 89, 106-112 inel.). 

A tremendous amount of work has been done on the 
first two of these factors with outstanding increase in 
furnace productivity. Aside from the fact that these 
factors universally increase furnace temperature and 
thus eventually require the more refractory basic ma- 
terials, they have little other effect on the all-basic fur- 
nace or vice versa. However, with regard to the possi- 
bilities of improvement of furnace and port designs for 
better combustion and heat transfer, the use of basic 
refractories and the all-basic furnace have greater im- 
pact. 

Furnace contours—\n America, almost all design 
principles regarding furnace contour have been based on 
the use of silica refractories in the open hearth roof and 
wall structure. This imposes many limits and frequently 
prescribes designs that are disadvantageous. 

As basic brick have increased in use, first in front and 
back walls, then in end walls and fully basic ends, and 
finally in the main roof, their advantages in greater re- 
fractoriness, in the ability to withstand high velocity 
gas streams running parallel to their exposed face, and 
their long life in relatively thin walls, have permitted 
many design changes which were helpful to combustion 
and furnace productivity. 

Coincidental with the accumulation of this practi- 
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cal experience, research on the character of flames (90) 
and on gas flow patterns throughout the furnace sys- 
tem (109) have indicated the desirability of many de- 
sign changes which are possible only through the ex- 
tended use of basic refractories. The ineffectiveness of 
large burner blocks, monkey walls, roof knuckles, port 
roofs sloping downward from the end wall, and overly 
large air uptakes in promoting good combustion, are 
only some of the factors which have been determined. 

Uptake design—The relationship of the use of basic 
refractories on uptake size is particularly revealing 
When basic brick were first used in end structures, the 
interior furnace lines were maintained almost exactly in 
the contours required by silica, although walls were 
much thinner. Then, with the suspension used, it was 
possible to increase the flue area of the end by as much 
as 50 per cent. In most cases this was done with the 
thought that refractory wear would be decreased. In- 
stead, wear of the end walls was increased and furnace 
productivity fell off. When the original lines were re- 
built, the furnace productivity came back. Trials of 
smaller uptakes almost invariably improved furnace 
productivity provided the furnace system had _ suffi- 
cient draft capacity, etc., to handle the greater obstruc- 
tion to gas flow (4, 89, 110, 111). 

With this experience and observation of the small 
uptakes commonly used in European (basic port) fur- 
naces, a trend toward smaller uptakes and furnace ends 
started. It is still progressing. Whereas prior to about 
1950 it was thought necessary to provide about one sq 
ft of uptake area for each 1,000,000 Btu fired at maxi- 
mum firing rate, now many furnaces have uptakes which 
provide only 0.5 sq ft per 1,000,000 Btu. Silica brick do 
not stand up satisfactorily in such ports. 

The improvement of combustion and resultant pro- 
ductivity with small uptakes is related to an increase in 
incoming air velocity which, if properly directed pro- 
motes better mixing of the air with the fuel. 

Single uptakes of the same size as previously used for 
double uptakes usually have not worked as well from a 
combustion standpoint, although when this has been 
done in conjunction with increases of hearth area men- 
tioned earlier, the combined effect on productivity has 
sometimes been beneficial. 

Probably the ultimate result of the present trend to- 
wards smaller uptakes is represented by the Maerz de- 
sign for port ends, now widely used in Europe. This de- 
sign is based on the use of a relatively high velocity in- 
coming air stream developed by unusually small uptakes, 
both to mix the air with fuel and to position the flame 
in the furnace. Such ports provide only about 0.3 sq ft 
of uptake area per 1,000,000 Btu maximum firing rate. 

It is interesting to note that Maerz designs for both 
single and double uptakes are offered. However, with 
single uptakes, the furnace chamber is drastically necked 
in as it approaches the port at the ‘“‘knuckle” position. 
Because of this, the single uptake design is characterized 
by much greater wear of refractories in the port section 
than is the case with the double uptake design. The 
double uptake appears to be preferable for this reason. 

One such furnace with basic roof and ends has been 
built and is operating in this country. It is a 175-ton 
furnace. The uptake area for one end is only 22 sq ft. 
Figure 14 shows the size of one of the uptakes in this 
furnace. Figures 15, 16, 17 and 18 show the interior of 
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this furnace as constructed and after 249 heats. At tl 
time the pictures after use were taken, the furnace we s 
down for vacations. The results obtained, though mn 
complete, appear very good. In comparison with ar - 
other all-basic furnace in the same shop, which has 
single uptake of about one-third larger area, the Maer 
furnace is about equal in fuel rate and in productivity 
despite a much poorer regenerative system. Wear | 
the refractories in the Maerz ends has been extreme 
low, particularly in the uptake regions. Few repairs c{ 
the ends have been made in over 400 heats, whereas tl 
other basic furnace had end wall patches before 20) 
heats, and replacement shortly thereafter. 


(Converge nt front and back walls \ convergent w: 


furnace has recently been developed in Kurope as tl 


Maerz-Boelens furnace (113). Our conventional ou 
wardly-sloping front and back walls permit easy malli- 
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Figure 15 — View is taken looking up a Maerz end as con- , y 
structed. : 
Figure 17 — Interior of an American Maerz furnace as built. 


Figure 16 — View is taken looking up a Maerz end after Figure 18 — Interior of an American Maerz furnace after 
249 heats. 249 heats. 
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tenance and long life of these units, but they necessi- 
tate a much larger roof. The larger the span of either 
silica or basic roofs, the shorter the life. Thus, the effect 
of normally sloping back walls or front walls is to 
shorten roof lite. 

Basic refractories have now been improved to an ex- 
tent, for wall construction, that the sloping arrange- 
ment is no longer needed. Suspended basic construction 
has been so improved that it is possible to construct 
the front and back wall so that they converge toward 
each other, as shown in Figure 19. The roof span can 
thus be cut by as much as 40 per cent and roof life 
materially increased. 

This construction was tried in a small 35-metrie ton 
furnace in Belgium. Reports of this operation show 





Figure 19 — Furnace profile has converging front and back 
walls. 





onger length of furnace Campaign ; greatly decreased 
retractories Usage, both for original construction and re 
pairs: notably reduced fuel consumption per ton; and 
increased turnace productiy It\ 

Figure 20 shows the comparison of the flame distri- 
furnace chambers ot 
the old and new shapes With the new profile, the flame 


bution around the charge in the 


s brought closer to the charge, and heat transfer by 
both convection and radiation ts materially increased 
Similarly, the radiation heating from the furnace walls 
to the bath can 


the same time, the external area of the furnace which 


only be improved by the new profile. At 


radiates heat lost to the atmosphere has been matert- 
ally reduced, with corresponding heat saving. 

Actual results of operations with the new profile 
showed lower fuel consumption per ton and increased 
melting rate, even though fuel Input rate per hour was 


actually decreased. This can happen only with more et- 
ficient heat transfer. 

In addition to these combustion effects of the new 
profile, it is believed that the almost oval arrangement 
of the furnace cross section decreases recirculation of 
waste gases into the flame. Such recirculation of waste 
gases can drastically reduce flame temperatures 

Six Maerz-Boelens furnaces are now operating mm 
Europe. Figure 21 shows a schematic diagram of a fur- 
nace of about 150-ton capacity in Germany. Note the 
suspension provided for the front and back wall and the 
suspended arrangement forming the door lintels. This 
area can be repaired from outside the furnace. The root 
is arranged in segments or bungs which can be applied 
to the furnace by a crane. The brick are all steel-clad, 
with the hangers engaging steel clips pressed into the 
cold end ot the brick, as shown Ih the eenter ol Figure 
5. Figure 22 shows the front view of this furnace as 
built. 

Reports of the operation of this furnace show a max- 
imum production rate of over 22.0 tons per hour tap 
to-tap, and a fuel consumption ol about 4,000,000 Btu 
per ton with a charge of approximately 30 per cent hot 
other 
tions, this record is very good. It seems likely that in- 


metal By COMpParison with similar opera 
vestigation ol such changes ol design are Warranted 1 
this countrys 


The Success Oo] the so developments, the trend toward 


smatlet uptakes, and the changing ol furnace Cross 
Section, hoth of which are at least partially dependent 
upon basic refractories, suggests that other similar ce 


sign changes might be extremely worth while. Design 


thinking should be predicated on the attributes of basi 


refractories, not the limitations of silica. It seems prob 
able that Miproy ement ol furnace design on the basis of 
the capabilities of all-besic furnace constructions pre 
sents greater possibilities Tor me m”sed producti it\ 
than most other fields of study 

| p cheat te m pre wire Still another means of get 
ting a greatel heat head in the furnace chambe 
through the use of air preheated to higher temperatur 
The Importance ol high an preheat ln promoting tu 
nace productivity has been catalogued by numerous 
Investigators. In average, for each 100 F increase in an 


preheat heat time has been decreased 45 minutes to 
one hour (39, 60, 61, 72, 85, 91, L14-121, mel 

The lmMportance ol high ai preheat cannot be ove 
emphasized To achieve the ultimate produr tivitv with 
an all-basic furnace, it is necessary to take advantage 


of this factor to the utmost 


Figure 20 — Comparison shows flame distribution in furnace chambers of different profile. 
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Figure 21— Schematic diagram of new furnace profile 
construction. 




















There are two major items which affect the degree of 
air preheat, the amount of air infiltration and the amount 
of temperature and the temperature distribution of re- 
generative surfaces. Both of these affect, or are affected, 
by the use of basic brick. 

Air infiltration can act as a diluent and coolant for 
preheated air on the incoming end of the furnace, or as 
a cooling agent for the regenerator on the exhaust end. 
Kither effect is equally damaging to the development of 
air preheat. 

Because of the expansion of basic walls as a result of 
plate oxidation in the joints, there has been a tendency 
to provide large expansion allowance in basic end con- 
struction. This undoubtedly has promoted additional 
air infiltration over silica construction, and has had ad- 
verse effects upon fuel consumption. Later construc- 
tions, in which expansion allowance was decreased, pro- 
vided tight ends with low infiltration. 

This fact helps to explain why early basic furnaces 
showed fuel disadvantages despite higher productivity. 
Later comparisons in which all-basic furnaces were com- 
pared with silica roofed furnaces equipped with basic 


Figure 22 — View of front of 150-ton Maerz-Boelens fur- 
nace. 
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ends, have shown fuel saving, as might be expected. 

Extreme care in the construction of basic ends is nee- 
essary to cut air infiltration to a minimum. If too little 
expansion allowance is provided, structural difficulties 
and premature failure can result. Conversely, if too 
great expansion provision is made, excessive air infiltra- 
tion, with its drastic effect on productivity can occur. 

Grouting and insulation of suspended sections of basic 
ends were little used on early installations. More re 
cently, grouting of the outside of the wall with fine- 
grained basic material sprayed in place, is recommended 
and the use of thin coats (less than 1 in.) of plastic in- 
sulation, is acceptable. Both of these practices tend to 
decrease infiltration. 

Regenerator design—The amount, mean temperature 
and temperature distribution of the regenerative sur- 
faces of a furnace have an equally important effect on 
air preheat. In this connection, regenerative surface 
includes all the surface area of the furnace ends, fantails, 
etc., to which the incoming air is exposed prior to being 
delivered at the top of the uptakes (39). 

Insufficient checker capacity has long been recognized 
as a cause of low preheat. More recently, an insuf- 
ficiency of high temperature regenerative surfaces have 
been shown to be a cause of low preheat. This latter 
factor has also shown up in basic end construction where 
the surface area of basic walls in the ends is much smaller 
than in corresponding silica ends. Reasons for this 
smaller surface area in the ends are the absence of the 
large arch at fantail elevation with a burner support 
above it, and, in some cases, the smaller end structure it- 
self. This, with possible greater infiltration, probably 
explains the sometimes unsatisfactory fuel figures of 
some basic end installations. 

To counteract this effect it is necessary to obtain 
more high temperature regenerative surface in the fur- 
nace system. In most cases this is not possible without 
changing the checker chamber arrangements. However, 
there is a feasible solution. Again it entails the use of 
basic refractories. 

The normally used fireclay checker brick will not 
stand higher temperatures than are now prevalent in 
most checker chambers. In some cases doors have been 
opened in the exhaust end, slag pocket seals or water 
sprays have been introduced into the exhaust end slag 
pocket to cool exhaust gases below the temperatures 
which cause excessive wear of the fireclay checkers. 
Such practice, while it undoubtedly prolongs checker 
life, can only be deplored from a heat and fuel consump- 
tion standpoint. 

Replacement of the fireclay brick with more refraec- 
tory materials helps this situation. However, the ap- 
parently logical step of substitution of higher alumina 
content materials usually does not suffice unless the al- 
umina content of the checker brick material is raised to 
something over 75 per cent. The reason for this is that, 
at lower alumina content, the materials are merely al- 
umina grains bonded with fire clays. As such, they ex- 
hibit most of the characteristics of fluxing, build-up and 
plugging of the checker setting that fire clay itself does. 
Higher alumina materials cost more than basic brick 
and do not have the unique advantages of the basic re- 
fractory. Therefore, the truly logical step is directly 
from fireclay to basic checkers. 

Basic checkers—The basic brick show little reaction 
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with the high iron oxide content dusts normal to open 
hearth checkers. While they may build up some deposit 
on their horizontal surfaces, their sides stay clean and 
the holes through the checker setting stay open. Hor- 
izontal surfaces in the setting can be minimized by the 
use of chimney flues throughout the checker. The ma- 
terial that collects on the top can normally be blown off 
readily. The solid flue setting also provides the support 
ind stability required by the basic material. 

Basic checkers have been tried in a number of fur- 
naces in this country and have been used more widely 
ibroad. Reports of their service life appear to indicate 
that they pay for themselves on a straight replacement 
basis, outlasting the fireclay checkers by several times. 

Some advantage has also been claimed for additional 
preheat from the basic checkers (122). The basic check- 
ers are almost twice as heavy as fireclay and have much 
ereater heat capacity. This would tend to raise the av- 
erage temperature of the chamber (and the preheat) if 
the maximum checker temperature is kept at the same 
point and the reversal periods are the same. This is 
shown diagrammatically in Figure 23. European inves- 
tigators have noted the smaller temperature swing of the 
checkers with reversals when basic checkers are used. 

The basic materials also have higher heat conductiv- 
ity than fireclay. However, this property is probably of 
relative unimportance as has been pointed out by sev- 
eral investigators (123). 

The properties of basic checkers suggest that design 
changes of the checker chamber could be made with 
greater advantage than that previously achieved by 
merely substituting basic for fireclay in a given design. 
In many cases, fireclay checker settings are designed 
relatively open to avoid the plugging of the fireclay 
material. In others, the settings are made with rela- 


Figure 23 — Checker temperatures are given for basic and 
fireclay checkers assuming maximum temperature 
and reversal time are constant. 
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tively thick brick because the fireclay melts away. With 
basic materials, neither of these procedures is necessary. 

A checker setting for basic materials using relatively 
thin brick, for example 2 in., and with holes of smaller 
size would be a much more efficient heat exchanger 
than most normal fireclay settings. The greater weight 
of the basic material would provide more capacity for 
heat storage. The smaller size holes would provide more 
heat exchange surface and would require the gases to 
travel through the setting at greater velocity, thus wip- 
ing the surfaces better and exchanging more «eat. The 
sum total of these effects has yet to be determined, but 
it is known that the overall effect would be great. When 
fireclay settings have been built with small holes, pre- 
heating of air is good and furnace operation sharp un- 
til the checkers plug. 

Two-stage rege nerators——The mere use of small opel- 
ings does not provide all the possible advantages from 
basic checkers. In many cases it is not possible to raise 
the checker temperature materially because the checker 
chamber is too large. 

For example, if a bunsen burner were pointed in the 
doorway of a room, the temperature of the room is barely 
changed. However, if the same burner is inserted in an 
opening in a four inch cube, the temperature of the en- 
closure would rise considerably. An open hearth checker 
chamber follows the same pattern. 

High temperature heat comes from the furnace 
through a relatively small port of not too great heat 
capacity (if it is a basic end), and is discharged into a 
relatively large cold checker chamber. The temperature 
drops sharply and only after a long time of gas flow will 
the temperature of the chamber climb to any point ap- 
proaching that of the incoming gas. The larger the 
chamber, the lower the temperature and the longer the 
period required for heating. 

In view of this it appears that in many cases, even 
with furnaces that are supposed to have less than ade- 
quate checker capacity, benefit could be derived from 
actual decrease of size of the primary checker so that it 
would operate at a higher temperature. This would re- 
quire basic checkers. The basic checker would be followed 
by an independent fireclay regenerator. 

A furnace designed around this principle is being op- 
erated in Europe. It taps 150-ton heats with a tap-to- 
tap production rate of 18.0 tons per hour on a 27 per 
cent hot metal charge. The fuel consumption is only 
about 3,300,000 Btu per ton. This result is very good 
even though the amount of stack checkers used is con- 
sidered inadequate. 

The field of checker design is another area where, 
through improvement on the basis of the attributes of 
basic checkers, major improvement of combustion with 
resultant increased furnace productivity and fuel sav- 
ing is capable of attainment. 

Improvement of productivity related to metallurgical re- 
There are numerous procedures for accelerating 
steel refining in the open hearth furnace. Probably the 
most effective of these is the blowing of oxygen into the 
bath to speed melting and/or decarburization (79, 92, 
97, 98, 99, 102, 103, 104, 113, 124-130, incl.). Use of oxy- 
gen for this purpose has grown tremendously during 
the last decade. It has become standard practice in 
many plants. However, in many instances, more oxygen 
could and would be used were it not for the adverse ef- 
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fect of the practice on the life of silica refractories. The 
use of the all-basic furnace tends to minimize this ef- 
rect 

Oxygen blowing into the bath, by lances through the 
doors, by jets through the roof, or by other means, 
creates violent bath reaction. The oxygen diffuses 
through the bath rapidly and reacts with carbon to form 
gas Which causes wild boiling and splashing of slag. 
Iron oxide fume is given off to the furnace gases and 
comes in contact with the walls and roof. The oxidation 
reactions are exothermic and bath temperature rises 
sharply The gas coming from the bath is almost entirely 
CO and unless the air supply to the furnace is increased 
or fuel input is cut, an almost reducing atmosphere 
can be created in the furnace combustion chamber. The 
(‘) burns in the combustion chamber as air reaches it, 
again raising furnace temperatures. 

\ll of these reactions are very harmful to silica re- 
fractories. The furnace temperature is usually close to 
the melting point of silica when oxygen is added. The 
furnace temperature increase which results from the 
oxygen addition can easily exceed the limits for silica 
brick. In some cases, “burning” of a silica roof has been 
observed with oxvgen blowing even though the fuel in- 
put was completely stopped. The additional fluxing of 
the slag splash and the iron oxide fume also speed the 
refractory melting action. Further, in reducing atmos- 
phere, the refractoriness of silica in the presence of iron 
OXI drops sharply 

\s a result, in many cases, the use of bath oxvgen has 
been confined to periods when bath carbons are low to 
decrease the effect of these reactions. Greater use of oxy 
gen would materially increase production speed 

In other cases, basic panels have been inserted in sil 
ia roots at the worst wearing areas to achieve longet 
root life because the basic brick are much more resist 
fini to this type of weal 130 


With all-basi Mrnaces, bath oxvge! ean be used more 
extensively without overly adverse effect The re- 
actions caused hy use of bath oxvgen do accelerate 
wear of basic roofs as well as silica, but if the oxygen ad 


ditions are localized in certain areas, the greater wear Is 
limited and repairs are minimized, This practice appears 
to have been used successtully in one operating all-basi 
furnace. The use of the all-basice furnace in conjunction 
with the use of large amounts of oxygen in the bath, ap- 


ly desirable, HW not necessary, to obtain rea- 


pears high 
sonable refractory lite 

/mpro ement of furnace producti ity related to furnace 
availability The steady productive operation of a 
furnace has obvious effect on the overall productivity of 
the unit. Longe retractory life with less frequent re- 
builds and hot repairs, is the prime means of achieving 
this end. Another major factor is the speed of repair op- 
erations when such procedures are necessary (131-136, 
incl.). The use of the all-basic furnace provides notable 
improvement in comparison with silica furnace prac- 
tice 

To show the overall effect of the all-basic furnace with 
its longer refractory life on furnace availability and cor- 
responding productivity, it is necessary to examine the 
various furnace sections separately and show the com 
parison of basic vs silica for each. Experience has shown 
that unit roof life of a 15-in. thick basic roof incorpo- 


rating all the known good features of refractories and 
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construction, already described, is over three times 
greater than that of silica roofs for the same furnaces. 
This proportion has been verified in several different 
open hearth operations, including both cold metal and 
hot metal practices. In such operation, relatively little 
hot repairing of the roof is normally required. Thus the 
period that the furnace is not available for operation be- 
cause of the roof is virtually only that required for major 
rebuilding. Comparison of campaign length of such 
basic roofs with silica yields ratios slightly lower than the 
unit roof life comparison. This figure will vary to some 
extent in shops with different operations, rebuilding and 
patching practices. However, for general estimating 
purposes, a ratio of three to one is not unreasonable. In 
this event, the time required for two silica roof rebuilds, 
plus that normally expended in patching three silica 
roofs, would be utilized productively through the use of 
a basic roof. 

In all of these data, it should be remembered that the 
all-basic furnaces are being operated in ways that would 
destroy silica furnaces rapidly. For example, in one case, 
where an all-basic furnace had been operated for some 
time, a silica roof was installed and operated under the 
same practice as the previous basic roof. The furnace 
production rate was good as long as it ran. This was for 
only 80 heats and to get this life enough patching was 
required to bring the unit root lite figure to only about 
38. Comparing on this basis, basic outlasts silica almost 
10 to | 

Campaign lengths of basic roofs may be expected to 
extend from something over 300 heats to as much as 
700 heats or more, in American furnaces, depending upo! 
individual shop practice. When the longer campaigns 
are obtained, it Is sometimes necessary to shut the fun 
nace down during the run to clean slag pockets and flues 
Such shutdowns normally last only 24 to 48 hours 
They also provide time for careful replacements of front 
and back walls and any patches to ends or roof that 
might he needed 

Repairs to front walls and back walls are one of the 
major time losses with the all-basic furnace. With silica 
furnaces, these are usually accomplished coincident 
with roof patches Ol replacements and cause little time 
loss themselves. With basic furnaces, front and = bact 
wall repairs use time that would otherwise be produc 
tive. However, with judicious use of water cooling 
life can be extended sothat this time requirement is not 
onerous. Time required for front and back wall repairs 
can usually be kept below 36 to 48 hours during a period 
of up to 400 to 500 heats 

By correct use of basic checkers, with proper blowing 
practice and, in some cases, soot blowers beneath them, 
the downstairs of a furnace can be kept in good operat- 
ing condition throughout the campaign of a basic roof 
\s mentioned above, a clean-out of slag pockets or 
some flue sections might be needed, but the regenerator 
chambers and checkers themselves should cause no dit 
ficulty 

Some further experience Is needed to achieve balance 
of life in the various sections of basic furnaces. Arrange- 
ments for such balance (i.e., relation of end wall or port 
roof thickness and life to main roof life, ete.) are usually 
different for each different furnace. Most of the present 
all-basic furnaces have not yet achieved optimum con- 
ditions in this regard. The results obtained show more 
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repair hours during campaigns than is expected in the 
future. 

Overall, on the basis of results to date, the down 
hours for brick repair and clean out during a basic fur- 
nace Campaign, are extremely low. In one instance, a 
furnace had only slightly over 100 hours downtime for 
such work in a campaign of almost 700 heats (almost 
10 months operation). 

Major rebuilds of all-basic furnaces should not take 
is long as complete rebuilds ot silica furnaces, once the 
teardown and rebuilding operations are as well known 
ind are organized as thoroughly as silica repairs. How- 
ever, new practices always need “shake down” time be- 
fore they reach top efficiency. Much of the data now 
iailable on this subject show longer periods than will 

e needed in the future in the same shops. 

There are several characteristics of all-basic furnaces 
vhich make this faster rebuilding possible. First, the 
brick requirement for an all-basic structure may be 
only about 60 per cent of that required when silica brick 
s used. This is particularly true when small furnace ends 

re used. With this smaller brick installation, mason 
hours diminish and total elapsed time should decrease. 
Secondly, with suspended construction, so that each 
furnace section is independent of others for support, 
only those furnace parts actually worn out need be re 
l 


Teardow ! 


placed. This also decreases bricklay Ing time 
of the smaller structures should also proceed at a faster 
pace. The advantage of basic ends in aiding slag re- 
noval is widely recognized. Overall rebuilding of all 
basic furnaces should be rapid 

The small amount of rebuilding and repair of all 
basic furnaces makes them particularly attractive to 
smaller steel plants which have relatively small main- 
tenance crews to perform repairs. Other plants which 
have labor shortage also find this characteristic of all- 
basic furnaces extremely helpful in maintaining high 
availability. 

There is somewhat slower operation in the laying of 
basic roofs as compared with silica roofs. In the actual 
bricklaying of most suspended basic roofs, a scaffold is 
built inside the furnace so that the bricklayers can hang 
the brick from the steel superstructure. The brick must 
be supplied to the bricklayers through the furnace door 
openings. Floor operations occasionally can interfere 
with this procedure, causing delays. 

lirst, a ring of brick is installed across the furnace, 
usually at the tap hole position. Then additional rings 
of brick are hung towards both ends of the furnace. 
With this arrangement, only about eight bricklayers 
can work at one time. This ts relatively slow procedure 
as compared with the laying of a silica roof, and is dis- 
advantageous for this reason. The installation of a sus- 
pended basic roof by this method has frequently re- 
quired about four working turns 

By laying of the brick on centers using brick with the 
tab hanger accommodation previously described, the 
tual bricklaying can progress virtually as rapidly as 
vith sihea brick. However, additional time is required 
for the installation of centers, which must be placed 
oser together than with silica brick, because of the 
rreater weight of the basic brick. More time is required 
or the attachment of the brick to the steel superstruc 
ure, and removal of the centers. If this work can pro 
vress While other work of the furnace rebuild is progress 
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ing, it seems possible that this procedure could result 
in an overall time saving. 

A somewhat slower heating schedule is also desirable 
for all-basic roofs. Some data indicate that silica roofs 
can be heated to charging temperature in as little as 14 
hours (137). With basic roofs, heating of the roof at a 
rate of about 100 F per hour throughout the heat-up has 
given good results. This requires 24 to 30 hours for 
heating to charging temperature. 

It is interesting to note that the heating up proce 
dure recommended in Europe for the European style 
construction and refractories (58) entails considerable 
work. Essentially, it consists of measuring the position 
of the arch in the cold condition and maintaining this 
position within about five mm by adjustment of the 
\s many as I] 
different steps are taken to accomplish this, covering a 


pressure bolts on the skewback springs 


period Ol sIX LO eight weeks. The recommended heating 
schedules require as much as four to six davs to reach 
charging temperature, 


Combining the effects of normal 


ebuilding, heating 
up and necessary repairs during the course of a cam 
paign, major increase ot operating time can be expect d 
over silica furnace operations with all-basic construe 
tion. It appears likely that something over 95 per cent 
availability can be realized 

The time requirement for converting an existing siliea 
furnace to all-basic construction may be greater than 


that of a complete silica replacement depending upon 


the changes to furnace steelwork required However, i 
change of steelwork for the silica furnace is needed, this 
is not necessarily true 

\ recent conversion Was accomplished in about t4 
days, fuel off to fuel on, and in 15 days steel to steel 
\nother conversion was accomplished In Just ovel thre 
weeks with a much smaller labor force working two ten 
hour shifts each day 

Considering the improvement in basic furnace pro 
ductivity, the idea that immediate production demands 
prevent taking a furnace from operation long enough to 
make the conversion, does not appear reasonable. It is 
conservatively estimated that with the increased melt- 
ing rate and greater availability of the all-basic furnace, 
any production loss entailed in the conversion of a silica 
furnace would be recovered completely within 60 to 90 
days. 

Where completely new installation or major rebuild 
ing programs are being considered, there is no time defi 
cit in connection with the construction of an all-basi 
furnace. In view of this, such programs are admirably 
suited for the adoption of all-basie construction 

General discussion of all-basic furnace Ope rations In 
view of the complexity and interrelation of the many 
factors affecting operations ol individual all-basie fu 
naces, i is extremely difficult to present a Concise and 
clear comparison of all-basic versus silica furnace Opel 
tions 

In general, the productivity of all-basice furnaces is a 
minimum of 10 per cent greater than comparable en 


furnaces, although increase of 25 per cent or more 


possible in some cases. This improvement results both 

from taster melting and increased furnace availabilit) 
With regard to fuel consumption, the all-basie fur 

nace can equal, o1 hetter. the rates of comparable > hen 


furnaces. The fuel saving can amount to 5 to 10 per cent 
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In achieving these results, the all-basic furnace does 
not operate faster automatically. Neither does it in- 
herently provide good fuel practice. It merely permits 
the use of practices which promote such results. How- 
ever, the all-basic furnace enhances the value of such 
practices 

Among the more important practices which have 
helped to give these good results and offer even greater 
potential achievements, are the use of high rate of fuel 
input, improvement of design of furnace ends, and in- 
crease of air preheat temperatures. The results of work 
on these, and other practices, for increasing furnace 
productivity, have been essential to the suecess of the 
all-basic furnace. The ultimate benefits that can be at- 
tained through its use are still to be learned. 


THE ECONOMY OF THE ALL-BASIC OPEN HEARTH 
FURNACE 


In the foregoing discussions many of the various fac- 
tors which affect cost data have been discussed individ- 
ually, but with little reference to the absolute costs. The 
life of basic roofs is about three times that of. silica. 
Basic ends have life of as much as two to three times 
that of basic roofs. Basic checkers outlast fireclay in 
varying amount, dependent upon operating conditions, 
and provide other advantages. Construction labor re- 
quirements for all-basic furnaces are less than for silica 
furnaces. Fuel consumption of all-basic furnaces can be 
made equal to or below those of silica furnaces. Fur- 
nace productivity of all-basic furnaces is materially 
higher than that of silica furnaces. Additional intangible 
factors, such as the decrease in probability of expensive, 
unscheduled repairs provided by suspended construc- 
tion or the increase in earning power of a given unit with 
increased productivity also contribute materially to the 
economy of the all-basic furnace. However, these fac- 
tors must be related to costs per ton. 

In comparing the refractory costs per ton of ingot for 
the all-basie furnace and the silica roof furnace, the first 
factor is the relative cost of basic brick and silica brick. 
On a piece price basis, the basic brick cost about 4.5 
times the cost of silica brick, f.o.b. manufacturing plant. 
lreight charges will vary depending on plant location. 

These figures do not mean that to use basic refrac- 
tories economically it is necessary to obtain life im- 
provement in the same ratio. Installed cost of refrac- 
tories includes both brick cost and labor. The manhours 
of refractory construction and repair are substantially 
less per campaign with the all-basic furnace. However, 
it is difficult to indicate comparable installed costs 
which are universally applicable for all-basic versus sil- 
ica constructions. In general, the ratio of installed costs 
is less than 3 to 1. 

All-basic furnace operations appear to verify that if 
roof life is about three times greater than silica, the cost 
per ton of product is about equal to that of silica. It 
seems logical that such data for other furnace parts 
would follow in line. 

With regard to fuel cost, all of the presently operated 
furnaces have shown figures equal to, or better than, 
comparable silica furnaces when good combustion prac- 
tices have been followed. It now seems assured that the 
fuel cost for all-basic furnaces is at least as low as that 
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for silica furnaces and that with the adoption of combus- 
tion practices which are feasible only with all-basic con- 
struction, the fuel costs can be lowered to values below 
those possible with silica furnaces. 

The increased productivity of all-basic furnaces de- 
creases fixed overhead costs on a per ton basis. The 
amount of this decrease is inversely proportional to the 
increase in productivity. Since increases of productivity 
of from 10 to 25 per cent may be expected with all-basi: 
furnaces, a proportionate decrease in overhead per tor 
can be expected. 

None of the above discussion of cost elements take: 
into account the value of the increased amount of prod 
uct of the all-basic furnace. An increased productior 
rate of 10 per cent can represent an additional earning 
power for a given furnace equivalent to $1.00 per ton of 
its total product. 

This factor of increased earnings with increased pro 
ductivity has been neglected in many cases, because it 
has been said that it applies only in times of peak pro 
duction. This is not entirely true. With virtually every 
major steel company embarking on programs for increas¢ 
of steel production capacity, and every indication of 
high continuing need of high production rates, this fac 
tor of increased earnings should be included in the eval 
uation of the all-basic furnace. The early acceptance of 
this factor in Europe probably explains the quicker suc 
cess of the all-basic furnace there. 

In America, with the improvement in refractory life 
realized with internal plated brick and improved con 
struction techniques, with decrease of fuel costs from 
improvement of operating and combustion practices, 
and with further increase of productivity decreasing 
overhead, the all-basic furnace is achieving lower cost 
per ton figures than comparable silica furnaces. 

With this achievement, the economic advantage of 
the all-basic furnace is obvious once the furnace is an 
operating entity. The problem becomes one of the ad- 
vantage of the all-basic construction on an investment 
basis: that is, the cost of converting a furnace to all 
basic construction as compared with the return it will 
produce. 

Such studies vary widely, because of the differences 
in present constructions in various plants and the dif 
ferences in amount of new basic construction required 
for conversion to an all-basic installation. 

In general, it appears that the conversion of a silica 
roof to an all-basic roof for a 200-ton furnace costs 
about $60,000 to $70,000 without bricklaying labor for 
the initial installation, and about $35,000 to $40,000 
without bricklaying labor for each replacement. Com- 
parable costs for silica replacements approach $15,000 
Differentials of $15,000 to $25,000 in initial brick costs, 
plus from $10,000 to $25,000 for initial changes to fur- 
nace steelwork, are not unusual for large furnaces. The 
cost of changing the steel is non-repetitive. For any in- 
dividual case, it is necessary to obtain more exact esti- 
mates. These can readily be made. 

Basic ends can usually be installed in a conversion to 
basic construction for about $40,000 to $50,000 mor 
than a normal silica furnace rebuild (which would prob- 
ably include substantial amounts of basic brick). Re- 
placement costs are less. The economy of the basic end 
structures is demonstrated by their wide acceptance 
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They are, of course, essential to the use of the all-basic 
roof. They prove their worth with basic roofs as they do 
with silica. 

The installation costs of basic checkers vary widely 
with the amount of basic brick to be used. As the use of 
basic checkers is increased, more cost data will become 
available. Some users have reported that costs of basic 
checkers are about equal or below those of fireclay 
checkers (61). However, the use of basic checkers seems. 
at present at least, more involved with improvement of 
combustion and production and with extending fur- 
nace life than with cost savings per se. 

The extra cost for all-basic construction is much less 
if new furnaces are being considered instead of conver- 
sion of existing furnaces. In this case, the extra initial 
cost for basic is normally only the difference between 
basic and silica replacements. The advantage of insti- 
tution of all-basic constructions on new furnace instal- 
lations is obvious. 

In this connection, on planning new open hearth in- 
stallations, the greater unit productivity of the all-basic 
furnace permits substantial decrease in capital invest- 
ment. For properly designed new installations, produc- 
tion advantage of 20 per cent for basic over silica does 
not seem an extravagant estimate. On this basis, five 
basic furnaces would produce as much steel as six silica 
furnaces. 

In view of all the foregoing factors, the overall eco- 
nomie picture of the all-basic furnace appears very en- 
couraging with properly adjusted conditions. A basic 
furnace should pay off the extra cost of the initial con- 
struction or conversion within one campaign. This would 
be within a period of about six months to a year. From 
that time forward, corresponding savings would accrue. 
If comparison is made only on the basis of operating 
costs per ton, a longer period is needed to pay off the in- 
itial investment. However, with the present highdemand 
for steel, this relatively easy means of obtaining ad- 
ditional salable product is highly attractive. 


GENERAL SUMMARY 


|. The development of the all-basic furnace in Eu- 
rope and America progressed by rather divergent paths. 
The all-basic furnace first attained success in Europe, 
but many of the ideas which came from the American 
developments are now incorporated in European all- 
basic furnaces. To a lesser extent, European ideas have 
been used here. Now the all-basic furnace is recognized 
as successful on both continents. 

2. Good refractories for all the parts of all-basic 
furnaces have been developed. A new type of internally 
plated basic brick and other design changes have ma- 
terially improved the service life of the brick and all- 
basic furnaces. 

3. Good principles of all-basic furnace construction 
provide a minimum of compressive force on the refrac- 
tories and a minimum of movement of the refractories. 
These can be achieved through the use of suspension, 
the absence of corbelled surfaces, proper expansion pro- 
visions and allowance for roof growth by spring sup- 
ported skewbacks. There are several different workable 
designs which may be used for such all-basic construc- 
tion. These designs vary in their ability to meet the re- 

lirements of the refractories. Selection of the best de- 
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sign for the individual case should be made on the basis 
of good construction principles in the light of imme- 
diate requirements. 

t. Much of ‘he success of the all-basic furnace has 
been attained through the use of improved operating 
practices. Many such practices used commonly on all- 
basic furnaces would have disastrous effects on silica 
furnaces. 

All-basic furnaces can produce from 10 to 25 per cent 
more steel than comparable silica furnaces, with fuel 
consumption from 0 to 10 per cent less than the silica 
furnaces. The increased productivity results from both 
the faster melting ard from the greater availability pos- 
sible with all-basic furnaces. 

The operating and combustion practices which have 
been most important in producing the high productivity 
and low fuel consumption for all-basic furnaces include: 


a. Increase of fuel input. 

b. Maintenance of high fuel input throughout the 
complete melting period. 

c. The adoption of furnace chamber and port de- 
signs which promote rapid combustion and high 
temperature flames. 

d. Improved control of combustion for hotter flames 

e. Use of oxygen for combustion. 

f. The increase of air preheat temperature. 

g. Increases of furnace hearth area and/or heat size 
upon rebuilding. 

h. The increase in use of oxygen for decarburization. 


More work on these and other operating practices can 
promote still further increase in productivity of the all- 
basic furnace. 

With regard to increased availability of open hearth 
furnaces for increased production, the all-basic furnace, 
including main roof, ends and basic checkers, provides: 


a. Roof life about three times that of silica with few 
repairs required, 

b. Port end life of from two to three times that of 
basic roofs with little repair requirement. 

c. Regenerators that stay efficient and open through- 
out the furnace run. 

d. Asmall brick requirement for overall construction, 
thus shortening construction time. 

e. Rapid tear-down of the smaller furnace sections 
when repairs are necessary. 

f. Easy and rapid slag removal as compared with 
silica furnaces. 

g. Independent support of the various furnace sec- 
tions so that only completely worn out parts need 
be replaced, thus cutting down repair time. 


If all the various procedures for improving furnace 
production were applied to one all-basic furnace, the 
possibility of 6-hr heats, with reasonable refractory life, 
does not appear impossible. 

5. The properly handled all-basic furnace operates 
with refractory costs equal or lower than those of silica, 
with equal or lower fuel costs, and with decreased over- 
head charges. The net effect is a decrease in cost per ton 
of ingots. In addition, the value of the increased earn- 
ings as a result of the increased productivity of the all- 
basic furnace, is a substantial figure. 

The all-basic furnace marks an important step forward 
in the history of steel making. 
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A. H. Sommer: The authors of this paper should be 
commended for the extensive study and complete his- 
tory they have given on the various phases of the use 
of basic brick in open hearth furnaces. They have out- 
lined the general progress that has been made in such 
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a way that one can take advantage of past experience 
in planning for the future in regard to the more general 
use of basic refractories throughout the entire open 
hearth system, including the regenerators. The general 
practice at Keystone, where we are operating with 30 
per cent pig iron and 70 per cent steel scrap as a cold 
charge, definitely indicates that a basic roof and basic 
ends should be augmented by the use of basic brick 
in the fantail and regenerative system. 

At Keystone Steel & Wire Co., we are operating one 
all-basic furnace with a flat roof and a single uptake 
and another furnace which has two uptakes and an 
arched contour in the roof. The latter furnace was de- 
scribed in their paper; however, due to our limited ex- 
perience with the Maerz furnace, we have not drawn 
any conclusions as to the best type of construction. We 
feel that it is reasonable to expect at least 700 heats as 
a major campaign on this type of furnace, and I think 
this concurs with the authors conclusion that, the roof 
life when using basic refractories should be at least three 
times that of a silica roof. Our present thinking at Key- 
stone in regard to roof construction is that some type 
of ribs should be used, even though the roof is 100 per 
cent suspended, in order to obtain greater stability 
when the roof gets thin and to simplify the repair work. 
We have not proved the overall economics in regard to 
an all-basic furnace; but we do concur with the authors 
in that when maximum output of the open hearth de- 
partment is essential to full operations in other depart- 
ments, including making deliveries to customers, the 
higher availability and increased production will 
more than justify a slightly higher refractory replace- 
ment cost. 

The authors conclusion that, ‘‘The all-basic furnace 
marks an important step forward in the history of steel- 
making,’ we feel is still somewhat contingent on the 
manufacturers continued cooperation toward further 
improving basic brick to be used in various parts of the 
open hearth furnace. They have given us a very con- 
structive report on the all-basic furnace which Iam sure 
will be helpful to the steel industry. 

B. L. Dorsey: The question that arises in my mind is 
why has it taken twelve years to arouse the interest of 
more than a few American steel producers, particularly, 
when many European steel producers have been success- 
fully using this type of construction for many years. 

The obvious and correct answer is the economics of 
this construction over conventional construction. We 
have been more fortunate in having the highest quality 
the difference in 
normal operating service between these was not of 


of silica refractories available and 


sufficient magnitude to justify the basic roof in most 
American plants. 

However, the necessity for more production per unit 
has resulted in changes in operating practices which ar¢ 
detrimental to the conventional refractories. The in- 
creased fuel inputs are also resulting in less efficient 
combustion which produce atmospheres that are detri- 
mental to all refractories at elevated temperatures, but 
more so to the conventional ones. The lessened life of 
the conventional furnaces under these conditions makes 
it easier to justify the all-basic furnace. Again, the in- 
creased use of oxygen for decarburization and/or com- 
bustion has had a similar detrimental effect on many of 
the conventional refractory furnaces. 

The idea of the internal plated basic brick has been a 
means of partially overcoming the platy spalling gen- 
erally found in basic brick where temperature changes 
are rapid or great. It reduces the cross sectional area 
of the face of the basic refractory and allows greate1 
temperature changes before the thermal stresses set up 
exceed the strength of the brick of smaller cross-section 
The application of the type of refractory to the all basic 
furnace has been one of the reasons for the increased 
interest. 

With the additional all-basic furnaces in American 
service I feel sure that a definite trend will be estab- 
lished in the near future and the question most of us 
would like to have answered now will have to wait for 
that time. 

Robert P. Gibson: If the internal plates have 
created the advantage that you claim, and I will go 
along with the fact that they have helped, are two 
plates, for example, in the brick the limit to which you 
can get advantage, or do you intend to eventually use 
more internal plates in the hope of further improving 
the product? 

M. A. Fay: It is possible to use more than two plates 
The data recorded in our paper are based only on the 
use of either a single plate or two plates. Further ex- 
periments will be made in line with the general develop- 
ment. 

M. J. Smith: Is anyone who is using oxygen lances 
through the open hearth furnace roof using patches of 
basic brick around them? 

M.A. Fay: There has not been enough work on the use 
of oxygen in this way to determine exactly what roof 
construction will be used. In general, though, we are 
inclined to feel that the use of a fully suspended, com- 
plete, basic roof will probably be the best answer for 
this practice. 
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By FRANK J. MARKEY, Manager, Edge Position Controls Div., Askania Regulator Co., Chicago, Ill. 


Edge Position Control 
for the steel strip industry 


.. many forms and many designs are used for 
automatic edge position control on continuous 


processing lines... . certain design details apply 


fo all applications and these are covered in this 
paper, particularly with respect to payoff and 


wind-up reels... . 


AON modern steel strip processing lines, edge position 
control no longer is regarded as an accessory but is con- 
sidered an important part of the continuous processing 
system. For years, mechanical means of guiding strip 
have been used on process lines. In more recent years, 
non-contact edge control systems have been used to 
greater advantage because the edge of the strip is 
not damaged by contact edge guiding. This is particu- 
larly important on light gage steel or on steel that bas 
been coated, such as galvanized steel. 

It is the author’s intention to discuss in this paper 
details that should be considered in the design of a 
continuous process line when edge control is applied to 
either the pay-off or wind-up reels, or at some other 
intermediate point within the process. 


EDGE POSITION CONTROL SYSTEM 
A basic edge position control system is depicted in 
Figure 1. This is a typical pay-off reel application ahead 


of a slitter or side trimmer. The object in this applica- 
tion is to position the strip to line up properly for the 


Figure 1 — Schematic shows a basic edge position control 
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Figure 2 — This system uses mechanical side guides. 


slitter knives. The amount the actual strip position is 
offset from the required strip position will be referred 
to as the “strip positional error” or “strip error.”’ 
The purpose of the edge controller is to correct for 
strip positional errors. The edge position detector will 
detect strip pesition and the edge position controller 
through the motor operator (or work cylinder), will 
move the pay-off reel to position the strip as required. 
TYPES OF EDGE POSITIONING DEVICES 
The following are some of the types of edge position- 
ing devices known to the author: 
1. Mechanical side guides (Figure 2). 
2. Electric or pneumatic contact rollers with roll 
shifting devices (Figure 3). 
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Figure 3— Contact rollers have a roll shifting device in 
this scheme. 


3. Self-centering rolls (Figure 4 


t. Kleetrie non-contact scanning detector with 
hvdraulie or electric motor operator (Figures 5 
and 6 


5. Pneumatic non-contact detector with hvdraulic 


motor operator igure 7 


\ll of the methods enumerated above will produce 
ome sort ol edge oulding, however, some of them have 
definite limitations which could be deseribed as follows 

|. Mechanical side quides 


are generally used ahead of slitter knives or similar 


\Iechanical side ouides 


applications. In most cases, it is necessary to have a 
looping pit ahead of the side guides and bring the strip 
up slack in order to prevent damage to the edge. With 
this method, it is diffieult to run telescoped coils at 
high speeds Therefore, production output of the line 
Is comparatively low. 

Vlechanical side guides have a definite place Ith CON 
tinuous process lines since they represent a positive 
method of guiding the Strip. 


2. Contact rollers 


In this method, a contact roller is 
used to trip an electric or pneumatic switch when 
engaged by the strip, which drives a pivot roll in one 
direction or the other. The contact roller is located 
immediately outside of the usual strip pass line. This 
is considered an ‘on-off’? control system, since the 
correcting roll is moved from one of two fixed positions 
to the other. 

Since the pivot roll is turned in one extreme direction 
or the other each time a correction is made, the strip 
continually wanders back and forth. This system is 
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Figure 4 — Self-centering rolls may be used to keep strip 
in alinement. 


not satisfactory for high-speed process lines because 
there is a considerable time lag before the Strip responds 
to movement of the pivot roll. 

The contact roller system has an advantage over the 
mechanical side guide system. Since the engagement of 
the strip with the contact roller is light, it is not likely 
that damage will oecur to the edge of the strip. On 
slow moving process lines, and when the strip positional! 
error is not too great, this method represents an eco 
nomical way of edge position control. 


*) 


o. Self-ce ntering rolls Self-centering rolls Figure 
t) are used primarily on continuous processing lines 
to keep the strip edge tracking. It is recognized that 
they have definite limitations since they depend On 
constant tension of the strip in order to make the euid- 
ing effective. It is not practical to use selt-centering 
rolls on the entry end of the process line if the coils on 
the pas -off reel are greatly telescoped 

In order to keep the strip tracking the centering 
rolls are an essential part of the continuous process 
line. They are easy to install and are usually located 
ata pomt im the process where optimum surface contact 
between the strip and the roll can be made. 


The elec- 


tric non-contact edge guiding systems can be divided 


}. Klectric non-contact scanning systems 


into two classes: 

a. On-off control system (Figure 5). 

This system employs two light beams with a neutral! 
zone between them. One beam must be covered and 
the other uncovered. If not, an electric motor drives 
the reel either mechanically or hydraulically in the 
direction to move the strip and uncover or cover re- 
spective light beams. This correction occurs at constant 
speed. 

b. Floating control system (Figure 6). 

Floating control requires a more complex system 
than the two-position or on-off control. However, with 
this system, the rate of correction of the motor operator, 
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Figure 5— Non-contact scanning detector may also be 
used for edge position control. 


whether mechanical or hydraulic, is in proportion to 
the magnitude of strip positional error. This system 
can be adjusted so that hardly any dead zone exists; 
hence, the strip is under continuous control. 

Both of the above systems have a decided advantage 
over all the others previously mentioned, since in detect- 
ing strip position, no contact with the strip edge takes 
place and consequently, no damage occurs. The on-off 
control system is economical for a slow moving proc- 
ess line. The floating control system is more satisfac- 
tory for high speed lines since the rate of correction 
decreases as the strip approaches the required strip 
position. This avoids hunting or overshooting of the 
system, and a more accurate control can be obtained. 

5. Pneumatic non-contact hydraulic system (Fiqure 

This system is similar to the floating electric 
scanning system inasmuch as the rate of correction of 
the motor operator is in proportion to strip positional 
error. The two systems, in most respects, are identical, 
except for the method of applying correction at the 
motor operator. The advantages of this system are 
nuch the same as those of the floating electric scanning 
svstem. 

Much time could be spent in discussing all the 
advantages and disadvantages of the above systems. 
Since space is limited, it is the author’s intention to 
discuss specifically the pneumatic-hydraulic system 
employed by our company. Furthermore, the author 
s more familiar with this system and is able to present 
detailed information pertaining to its operation. 


PNEUMATIC-HYDRAULIC CONTROL SYSTEM 


The pneumatic-hydraulic control system (Figure 7) 


s composed of three main separate units listed below: 
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Figure 6 — Schematic shows float control type of electric 
scanning edge position control. 





DETECTOR 
NOZZLE 


y j~—=«——SIGNAL LINE 
STRIP —~— \ (_--—=— +> 























—DIAPHRAGM 
| \ — 
AIR SUPPLY ——— \ REGULATOR 
Sc} 
Vv w 
RECEIVING ORIFICES —+ | yy 
—————— — Hh JET PIPE 














| 
PAY - OFF 


Z 
—ADJUSTING 
— 7 SPRING 


HYDRAULIC MOTOR OPERATOR 











Figure 7 — Schematic shows pneumatic non-contact edge 
position control system. 


1. The air pressure detecting nozzle. 

2. The edge position regulator imeluding the hy 
draulic power unit (pump unit). 

3. The hydraulic control cylinder (motor operator 


l. The air pressure detecting nozzle is the detecting 
element which continuously senses the strip edge posi- 
tion. The nozzle consists of two slotted orifices facing 
one another, one termed the “supply orifice’? and the 
other the “recovery orifice.”” Both are held in a univer- 
sal mounting bracket to insure proper alinement. The 
orifices are spaced approximately 1!o in. apart, and 
the steel strip passes approximately mid-way between 
them. Plant air is connected to an air pressure reducing 
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valve and then to the supply orifice of the sensing 
nozzle. The air supply pressure is reduced such that a 
!-in. water column air pressure at the recovery receiv- 
ing orifice is obtained when the supply orifice is com- 
pletely uncovered. Figure 8 shows a curve indicating 
pressure recovery related to orifice opening. Note that 
if the orifice opening is half covered, the recovery 
pressure is half of the pressure obtained at fully un- 
covered position. The recovery pressure changes are 
practically linear in relation to orifice opening. 

2. The edge position regulator consists of a swing- 
ing jet pipe which discharges, at high velocity, a jet of 
oil at two closely spaced orifices. These openings are 
connected to the ends of a work cylinder. 

Two forces act on the jet pipe. On the right hand side 
is the diaphragm system and on the left is an adjust- 
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Figure 8 — Air pressure recovery increases directly with 
orifice opening. 


ing (or setting) spring. When the diaphragm force and 
the spring force are in balance, an equal rate of oil 
flow is discharged at both orifices and equal pressures 
exist in each line, hence, the forces at each end of the 
work cylinder are equal. 

With a condition as mentioned above, the jet pipe 
is in its mid-position, and the system is considered to 
be in a neutral position. The jet pipe, through the 
diaphragm system, responds to pressure signal changes 
received from the air pressure detecting nozzle and 
moves to the right or left. Direction of movement of 
the jet pipe depends on the magnitude of the pressure 
signal, whether it is greater or less than the spring force. 

3. The hydraulic work cylinder is the motor opera- 
tor. The force due to the differential pressure across 
the piston moves either the pay-off or the wind-up 
reel, or a strip steering device. 


HOW THIS SYSTEM WORKS 


In all control systems, three main components can 
be distinguished, namely, the primary or detecting ele- 
ment, the regulator, and the motor operator. In the 
edge position control system, the detecting element. is 
the air pressure detecting nozzle, and the hydraulic 
work cylinder is the motor operator. It is interesting 
to note that in the edge control system, the steel strip 
displacement introduces an error to the system and 
the motor operator restores the strip to its original 
position. Therefore, the strip is responsible for a dis- 
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turbance in the system and yet acts as the final control 
element when the motor operator restores it to a 
neutral position. 

Referring to Figure 7, the signal pressure changes 
detected by the nozzle are transmitted to the diaphragm 
system on the edge position regulator. The jet pipe 
responds to signal changes and moves to one side or 
the other discharging oil through the oil distributor 
plate to the work cylinder. We have already seen in 
Figure 8 that the recovery air pressure at the sensing 
nozzle is a 4 in. water column with the orifice area com- 
pletely uncovered and a 2 in. water column with half of 
the orifice area covered. 

Therefore, if the spring adjuster is set at a 2 in. water 
column while the steel strip is covering half of the 
orifice area of the air detecting nozzle, the two forces 
acting on the jet pipe are equal and the regulator is in a 
neutral position. No action of the motor operator 
(cylinder) occurs. 

If the strip moves to the left uncovering more of the 
orifice area, the diaphragm force is greater than 
the spring force, the jet pipe moves to the left, and the 
work cylinder moves in the direction that will return 
the strip edge to the center of the orifice opening of the 
detecting nozzle. If the strip moves to the right cover- 
ing more orifice area, the spring force is greater than 
the diaphragm force and a reverse action from that 
mentioned above occurs. 

In summarizing the above, it can be said that any 
lateral strip positional change detected at the sensing 
nozzle results in a pressure signal change on the edge 
position regulator, followed by a correction through the 
motor operator which restores the strip to its neutral 
position. 


SELECTING SYSTEM COMPONENTS 


We have already seen that the edge position control 
system is composed of three parts, namely, the edge 
position detector, the regulator, and the hydraulic work 
cylinder. In all applications, the edge detector remains 
the same. The edge position regulator, the hydraulic 
power unit and the hydraulic work cylinder vary in size 
according to the particular application. The important 
considerations that determine the size of these compo- 
nents are: 


1. Type of application (wind-up reel or 
reel). 


pay-off 


2. Total weight of reel and carriage to be moved. 

3. Type of reel mounting (e.g. bronze versus steel 
ways, lubricated). 

1. Estimated force needed to overcome static fric- 
tion. 

5. Forward strip speed (fpm). 

6. Diameter of coil. 

7. Expected amount of error per lap (for a pay-off 

reel) or expected amount of error in ten feet 

(for a wind-up reel). 


The above information makes it possible to proceed 
with the selection of the hydraulic work. cylinder, 
hydraulic power unit, and edge position regulator. 

On pay-off reel applications, the amount of tele- 
scoping of the coils to be run is the determining factor 
of the required rate of correction. On wind-up reel ap- 
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plications, the expected amount of strip weave at the 
tension reel determines the required rate of correction. 

Hydraulic work cylinder—In selecting the hydraulic 
work cylinder, two important considerations are: 


1. Total weight to be moved. 
2. Estimated force required to move the load from a 


standing position. 


Since the force required to start the reel moving is 
ereater than that required to keep it in motion, the 
coefficient of static friction is an important figure for 
consideration. Movable reels are frequently mounted 
on lubricated bronze versus steel ways. The coefficient 
of static friction, however, varies greatly from one reel 
to another. Contributing factors to this variance are: 
type of lubrication, atmospheric dust, humidity, sur- 
face finish, temperature, vibration and the extent of 
contamination of the surface. There appears to be a 
general agreement that a book could be written on this 
subject. If the reel in question is available, it is possi- 
ble to determine the coefficient of friction with the aid 
of a hydraulic pump and pressure gage as illustrated 
in Figure 9. The pump discharge pressure is changed in 
small increments, a visual inspection of the pressure 
gage is made and the minimum pressure required to 
start the reel moving is recorded. Thereupon, the co- 
efficient of static friction is computed as follows: 


PXA 
Total weight moved 


where P psi indicated on gage just as reel 
starts to move 
A area of piston, in sq in. 
Weight moved total weight of reel and coil, in 
pounds 


It is recognized that in most cases it will not be 
possible to make a test such as this, particularly if a 
new reel is being designed. Therefore, it is necessary 
to depend on an estimate figure for calculations. Most 
engineers usually know what figure to suggest for all 
practical purposes. 

Since this figure varies among design engineers, the 
author made several field tests using methods similar 
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Figure 9 — Coefficient of static friction can be determined 
by method indicated. 


to that illustrated in Figure 9 to determine whether a 
consistent coefficient of static friction could be obtained. 

All tests were made on reels that were mounted on 
lubricated sliding ways, bronze versus steel. The lowest 
figure of coefficient of static friction obtained was 
0.175 and the highest was 0.375. From this information, 
the author decided that for his future calculations in 
estimating the size of the hydraulic work cylinder, a 
satisfactory rounded-off figure for use as the coefficient 
{ static friction would be 0.4. This figure allows a 
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slight margin of safety in case any error was made in 
computing the weight to be moved. 

After the size of the hydraulic work cylinder is 
determined, careful consideration should be given to 
the mounting and the type of connection between the 
piston rod and moving reel. It is extremely important 
that all lost motion between the piston rod and moving 
reel be kept to a bare minimum. Any loss of motion 
encountered at this point introduces a lag in the system, 
which results in a continuous overshooting or hunting 

In selecting the type of hydraulic cylinder, it is the 
author’s suggestion that a double-ended cylinder be 
considered, as it has inherently the same rate of correc- 
tion in both directions because of equal effective piston 
areas. In all control systems, a final adjustment is 
usually made to obtain optimum results, and if the 
rate of correction is different in each direction, it is 
difficult to arrive at a final adjustment. 

Hydraulic power unit—Once the hydraulic work 
cylinder size is established, the maximum rate of cor- 
rection required of the final control element can be 
determined. This is computed in in. per sec of piston 
displacement of the hydraulic work cylinder. From 
this information, the total cubic displacement is cal- 
culated establishing the output requirements of the 
hydraulic power unit. The operating pressure of the 
hydraulic oil supply should be determined before se- 
lection of the hydraulic cylinder size. This is usually 
in the neighborhood of 600 or 700 psi. 

Views on the rate of correction required for various 
applications vary considerably. It is the author’s 
experience that the 
quired is frequently over-estimated, resulting in a 


maximum rate of correction re- 


design that has a correction rate twice as great as 
required. 

On wind-up reel applications, it is difficult to predict 
the expected amount of strip weave since many factors 
contribute to this, such as misalinement of idler rolls, 
wear of the equipment and, of course, the camber of 
the strip itself. In all cases, it is expected that the strip 
will track on down through the process and reach the 
wind-up reel without too much deviation. However, 
as mentioned before, since other factors contribute to 
the strip weave, the rate of correction necessary for 
various types of wind-up applications is best obtained 
from experience tables. It is the author’s experience 
that in general, wind-up reel applications can be 
classified in four categories and the maximum correc- 
tion rate for each would be as follows: 


Rate of correction. 


Strip speed, fpm in. per sec 


200 4 
200-1000 34 
1000-2500 | 
2500-4000 Ils 


Unlike wind-up reel applications, on pay-off reel 
applications if the designer is familiar with the coil 
stock that will be run, there is a more accurate method 
of calculating the maximum rate of required correction. 
Figure 10 depicts a typical telescoped coil. The outside 
diameter is 48 in. and the inside diameter 18 in. An 
examination of this coil would determine the maximum 
error per lap that exists. 

After the maximum rate of error per lap is deter- 


123 








mined, the rate at which the laps will occur must be 
calculated. It can readily be seen that if the coil diam- 
eter is 48 in., the rate of correction necessary is less 
than when the coil diameter is at its minimum. For 
this reason, we should decide on an average coil diam- 
eter on which to base our calculations. It is general 
practice for steel strip line operators to slow the line 
down as the tail end of the coil appears. Therefore, 
it is suggested that an average coil diameter of 36 in. 
be used in calculations. 

If 36 in. is an average coil diameter, approximately 
ten feet will unwind per lap. 


3.14 X 36 in. 


12 in. per ft 


Q 42 ft 


Therefore, if the strip line is operating at 600 fpm, 
ten feet of strip will pass through the edge position 
detector each second, 
600 tpm 
10 tps 
H0 sec per min 
If the maximum error per lap is 14 in. then the 

maximum rate of correction will be 14 im. per see. 
Krom this figure, the required hydraulic oil delivery is 
determined 


Karample 
Laine Specifications 
Strip speed, fpm LSOO 
Expected error per lap, in. '4 
Diameter of evlinder, in. 8 
Average coil diam, in. 36 


Therefore, with an average coil diameter of 36 in., 
the length of approximately 10 ft per lap will unwind. 
Thus 

| 1800 fpm 


1, in. error per |: 
10 tt per lap us oe P 


60 sec 
*4 In. per second correction rate required 


Llence, 


inder at the above rate is computed as follows: 


the necessary rate of oil flow to move the cyl- 
Displaced C\ linder volume in, per sec 


Kffective area of piston X stroke per sec 
| 
piston and area 

50.26 & 0.75 ecu m per see 

37.6 cu in. per see 

37.6 cuin,. per sec X 60 see per min 


231 cul. per val 


Xx S sq in. & 0.75 in. per see (disregarding 


9.75 gpm 


The preceding information represents a method of 
calculating the rate of correction required when it is 
possible to examine the coil stock. However, in the 
design of new strip lines, it is not always practicable 
to examine the stock, and for this reason it is desirable 
to have some figure representing the expected amount 
of error per lap on a typical telescoped coil. With the 
cooperation of several steel mills, the author made an 
examination of coil stock on the floor on both tin and 
cold strip mills. In the tin mill coil stock, it was found 
that the average error per lap varied between lig6 and 
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Figure 10 — Drawing shows a typical telescoped coil. 





loin., reaching approximately 14 im. in a few cases. 
In cold strip stock, the average error varied between 
lg and °76 in., with a maximum of %¢ in. per lap in a 
few cases. It is recognized that the expected amount 
of error for particular coils may vary considerably 
from the figures mentioned above, however, it is the 
author’s belief that they represent average coil di- 
mensions. 

The edge position regulator—Once the hydraulic oil 
delivery rate (gpm) has been established, this informa- 
tion determines the size of the edge position regulator. 
In order to maintain the required rate of correction, 
the regulator must be so sized that the maximum rate 
of oil flow, at minimum pressure drop, is delivered to 
the motor operator. 


APPLYING EDGE POSITION CONTROL TO THE 
PROCESS 


In applying edge position control to the strip lin 
process, serious consideration must be given to the 
location of the system components. Requirements ot 
the pay-off reel applications are not the same as those 
of the wind-up reel applications. In fact, they are 
almost opposite. In the pay-off reel application, the 
strip is positioned by moving the reel, and every con- 
sideration must be given to the location of idler rolls 
in order that they do not interfere with strip move- 
ment. On wind-up applications, the wind-up reel is 
positioned to follow a strip weave. In moving the wind- 
up reel, the strip itself must remain in the same loca- 
tion on the idler roll, and the location of the idler 
rolls must prevent the strip from moving in a lateral 
direction. 

Pay-off reel application—-On the pay-off reel applica- 
tion, the detecting nozzle is in a fixed position, deter- 
mined by the required strip edge position, and the strip 
is moved to the nozzle. In all control systems, the 
designer locates the system components so that a 
minimum time lag appears between the detected signal 
and a correction by the motor operator (work cylinder). 

In the edge position control system, important con- 
siderations must be given to the location of the system 
components and their auxiliaries, such that correction 
of the strip and the pay-off reel movement is made 
simultaneously. The instant the reel is displaced, the 
strip must move and the detector must be aware of 
this movement. This is the most important condition 
in a stable control system. For this reason, the location 
of the detector nozzle, entry rolls, and pinch rolls 
affect the system response, which results either in a 
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“stable” and “accurate” control or in an “unstable” 
and “inaccurate” control system. 

Pinch rolls—In Figure 11 a typical pay-off reel 
application is depicted with an exaggerated telescoped 
coil on the reel. The reel continuously moves to the 
left to maintain the required strip position at the slitter 
knives. Since it is desirable not to have any weave at 
the slitter knives, an anchor or pivot point must be 
arranged before the knives. The pinch rolls, or in some 
eases drive rolls, act as this anchor point. If there are 
no pinch rolls ahead of the knives, the knives them- 
selves provide a pivot point. However, if the process 
line is to be used as a combination slitter and re-run 
are 


line, and the knives not engaged with the strip 


on re-winding, then the strip would probably weave 
all the way down to the wind-up reel. In consequence, 
the pay-off reel will continuously move back and forth, 
the system will be unstable, the strip weave will upset 
proper tension at the wind-up reel, and the wound-up 
coil will not be satisfactory. 

\t this point, it should be that 
position control on the pay-oft reel cannot be main- 


mentioned edge 
tained satisfactorily unless there is constant tension ot 
the strip beyond the pivot point. 

Detector nozzle location— Let us assume in Figure 11 
that no contact of the strip is made on idler roll No 
1 and the strip revolves about the pivot point at the 
pinch rolls. It can be seen that the magnitude of strip 


Figure 11 — Operation of edge position control with telescoped coil on the payoff reel is shown by the diagram. 
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Figure 12 — Angle of contact may vary appreciably as the 
coil diameter changes. 
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Figure 13 — Strip friction on entry roll must be considered. 


displacement at the nozzle related to strip displace- 
ment at the reel is a function of the distances between 
the nozzle and the pivot point, and the reel and the 
pivot pomet. Thus: 


* 
la + ie 


Strip displacement at the detector nozzle 


The ideal arrangement would be to have strip 
displacement at the detector and reel equal in magni- 
tude. The displacement could only be the same if the 
detector and reel were on the same centerline. Since 
the coil diameter continuously changes, this is not 
possible. An optimum solution is to locate the nozzle 
as close to the moving reel as possible. 

Entry rolls 
tor nozzle must be located on a relatively constant 


For satisfactory performance the detec- 


pass line. Since, however, the coil diameter changes, 
an entry roll (or rolls) is required before the detector 
nozzle. If the coil diameter is large and the pay-off 
reel is located close to the entry roll, as shown in Figure 
12, a considerable angle of contact of the strip on the 
entry roll is formed as the coil diameter decreases. 
This condition can cause a time lag in the system due 
to friction of the strip as it moves laterally across this 
roll. 

As shown in Figure 13, the strip position at the reel 
can be ahead of displacement at the detector as much 
distance as X inches when a correction is made. With 
this condition, the strip edge at the reel always travels 
beyond the required strip edge position resulting in 
overshooting and continuous “hunting” of the system. 
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Corrective measures can be taken to (1) reduce the 
lag due to friction, and (2) eliminate it entirely. 

Figure 14 illustrates a method of minimizing the 
angle of contact on the entry rolls. Two rolls with an 
l¢in. spacer between them are located at an elevation 
such that contact is made with the upper roll at the 
start of the coil, and contact is made with the bottom 
roll at the tail end of the coil. For a few laps, at approxi- 
mately mid-way through the coil, the strip does not 
contact either roll due to the spacer between them. 
For ease in threading the strip the top roll can be 
lifted by an hydraulic or air cylinder. 

Figure 15 illustrates a method that eliminates any 
friction between the entry roll and the strip. In this 
design the entry roll (or rolls) moves with the pay-off 
reel. The detector nozzle is located close to the moving 
roll. Assuming there is no lateral slippage of the strip 
on the first idler roll, the ratio of strip displacement 
at the detector nozzle versus strip displacement at 
the reel becomes closer to 1:1. 

It is known that designing a moving entry roll into 
a process line presents many mechanical problems, 
particularly if it is planned to feed the coil both from 
the top and bottom. However, on high speed process 
lines (above 1000 fpm) the author suggests that con- 
sideration be given to moving the entry roll, which 
presents a very important contribution to control 
system stability and accuracy. This is most important 
on light gage steel, since the rigidity of the strip is 
less than that of heavier gages, and lateral movement 
of the strip may cause it to buckle or wrinkle. A pay- 
off application on paper could not perform satisfactorily 
without moving the first entry roll, since the paper 
would wrinkle or in an extreme case it may tear. 

Wind-up reel applicetion—On the wind-up applica- 
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Figure 14 — Use of the double entry roll arrangement can 
reduce friction. 


Figure 15 — Payoff reel has moving entry roll. 
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Figure 16 — Schematic shows edge position control applied 
to the wind-up reel. 


tion, unlike the pay-off reel application, the reel 
follows the lateral strip travel and places the reel in 
proper position to receive the strip. This action is 
similar to that of a baseball player who moves his 
gloved hand into the path of the ball to catch it. 

On the wind-up application, as shown in Figure 16, 
the detector is rigidly fastened to the reel and moves 
with it. The detector senses the strip edge lateral posi- 
tion, Whereupon the automatic control system moves 
the reel to be in line with the strip. When a correction 
of the motor operator is made and the reel moves, the 
detector moves with it, until the system is restored to a 
neutral position. 

Since the detector is attached to the reel, the lateral 
motion between these two members is parallel. Idler 
rolis must be incorporated in the design of the process 
line, and suitably located to provide a maximum angle 


Figure 17 — If no strip existed between the reel and bridle 
rolls, the strip would pivot at the bridle rolls. 
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of contact with the strip, prohibiting strip displace- 
ment, when the reel moves. For example, as illustrated 
in Figure 17, if no deflector roll were to exist between 
the reel and bridle rolls the strip would pivot at the 
bridle rolls and the detector would never reach the 
strip edge in spite of its moving parallel with the reel. 
The control system would continually hunt. 

Since satisfactory operation of the detector nozzle 
requires a constant pass line of the strip through the 
detector, the latter is located immediately ahead of the 
last stationary idler roll. This roll should have as much 
angular contact with the strip as possible in order that 
the strip be anchored and not move laterally when the 
reel moves. 

The friction factor of steel versus rubber is consider- 
ably higher than that of steel versus steel. Therefore, 
if this roll is rubber-covered, the winding coil can slip 
under the steel strip without moving it on the surface 
of the deflector roll. This is the principle of a suecess- 
ful wind-up control operation. 

It can be seen from the foregoing that: 
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Figure 18 — A turning pivot roll helps guide strip. 


Figure 19 — A tilt roll also helps guide strip. 
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a. On pay-off reel applications the strip edge is 
positioned with respect to a fixed frame of refer- 
ence and every possible effort must be made to 
allow the strip to move laterally. 

b. On wind-up reel applications, the reel is  posi- 
tioned to the strip edge and every effort must be 
made to keep the strip from moving laterally. 


Intermediate strip quiding—Edge position controls 
are generally applied to the pay-off or wind-up reels. 
However, intermediate guide rolls are often used to 
guide the strip within a process. 

igure 18 depicts the pivot turning roll and Figure 
19 the tilt roll. Both of these methods are successful 
in guiding the strip within limits. Since they depend 
on triction of the strip across the roll, there is a time 
lag between motion of the guide roll and motion of the 
strip. On slow moving process lines, the turning rolls 
are satisfactory within limits. However, on high speed 
lines the results are not entirely satisfactory. 

Steering roll) method of edqe position control The 
Olfset pivot steering roll system illustrated in Figure 
IY is a positive and accurate method of guiding the 
strip at an intermediate pot within a process, This 


system has been used most successfully on paper, 


paperboard, foil and aluminum, and can be used 01 
any gage strip that permits a 180 degree contact on 
the steering roll 

The term “steering roll’ is a hitting description lor 
this svstem, since the strip course 1s altered as it leaves 
the steermg roll and sets over on the next idler roll, 
but does not change its actual lateral position on the 
steering roll itself. In this respect, it is different from 
the pivot turning roll, or tilt roll, which actually causes 
the strip to take a new lateral position on the rolls 
themselves to effect na correction 

\s illustrated in’ Figure 20, the displacement of 
strip edge lateral position is a function of the outside 
diameter of the steering roll multiplied by the sine of 
the angle about which it turns. It is suggested that this 


angle be au maximum ol 5 degrees from mid-position 
\\ ith “@ maXiMumM of Ey che yree angle, ho appreciable 
change in tension is noticed, and the strip maintaims 


contact on the turning roll and idler rolls without hav- 
ing a tendency to buckle 

Other edge position applications In the preceding 
sections, we have discussed principally methods of 
positlonimg the strip to ouide It into a process or to 
wind straight coils on the exit end of the line. Employ- 
ing automatic edge position control as a tollower con- 
trol, it is possible to position a marking tool or a similar 
device relative to the Strip edge. kor example, it 1s 
practicable LO position a slitter knife housing to the 
Strip edge to maintain an even amount of side trim 

Qn an application such as described, it is important 
that the strip be under constant tension and that 
positioning the slitter does not cause the strip to move 
laterally Multiple slitting would not be satisfactory 
because it is probable that multiple contact points on 
the strip would cause it to move. This application is 
similar to that of the wind-up reel in that the detector 
nozzle is moved to follow the strip weave, and at the 
same time the strip must be prevented from moving. 
Otherwise, the control system would never reach a 
neutral position. 
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SUMMARY 


In this paper the author has endeavored to demon- 
strate that automatic edge position control can be 
applied to continuous processing lines in many forms. 
Each individual application usually warrants a sepa- 
rate discussion, however, there are certain design details 
that apply to all applications. It was the author’s 
intention to discuss certain details that should be con- 
sidered in the design of a continuous process line when 
edge position control is to be applied. Since edge COon- 
trols are principally applied to the pay-off and wind-up 
reels, the bulk of this paper is devoted to these applica- 
tions. 
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J. B. Brown: The information M1 Markey has pro- 
vided is an excellent reference for any engineer Taced 
with the problem of providing suitable guiding facilities 
on strip processing lines. Our recent experience on the 
installation of edge guiding units on two winding reels at 
‘Thomas Strip Div may prov ide additional information 
that will be of interest. 

Owing to the weight of nearly 10 tons of each winder, 
we decided to use roller bearings rathet than sliding 
ways to allow for traversing. Since rolling friction ts 
quite small, a small cylinder and hydraulic system were 
selected for installation, but two factors immediately 
“arose which required more evlinder force: ] sic 
loading between reel and stationary base from the 
horizontal component of strip tension, and (2) the beam 
action of a strip under heavy tension. Rollers to replace 
the guiding shoes alleviated the first problem, but the 
second Was not so easily met. After investigation, it was 
found that the initial available force of about 1000 Ib 
had to be nearly doubled to permit side n.ovement of 
the reel when winding strips of 24-in. width and thick- 
nesses of about 0.050 in. This problem becomes particu- 
larly pronounced if cambered strip is encountered and 
large corrections are necessary. 

An interesting variation was made for our installa- 
tions which follow an electrolytic galvanizing line 
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Figure 20 — Displacement of strip edge laterally is a func- 
tion of the outside diameter of the steering roll and 
the angle about which it turns. 


operating at a speed of about 50 fpm. During the plat- 
ing process zine deposits on the edges of the strip some- 
times become quite heavy, and a coil wound with per- 
fectly straight sides has all of its tension concentrated 
in a very narrow band at the edges. This is a highly 
unstable situation such that the coil may at any time 
begin sliding sideways and become badly telescoped. 
To overcome this difficulty, an oscillating mechanism 
has been incorporated which may be adjusted to provide 
from zero to nearly !'o in. of side movement. This 
arrangement consists of a cam with adjustable center 
position driven through a suitable gear reduction from 
the winding reel drive motor. Rotation of the cam is 
changed to lateral motion of the arm carrying the sens- 
ing device so that it moves relative to the winding reel 
and at right angles to the direction of strip travel. 
Thus an error is steadily introduced on a per lap basis 
which permits a broad distribution of pressure between 
coil laps but with no sacrifice of neat coil appearance. 

This arrangement is also useful in alleviating the 
same lap-shiding tendency encountered with crowned 
center strips. 

Frank J. Markey: Mr. Brown’s comments are most 
interesting. His method of moving the sensing nozzle 
back and forth in a definite pattern will permit each 
lap of the coil to be staggered 1g or 14 in. This can pre- 
vent the edge of the coil from building up as is often the 
case on galvanized steel. 

E. W. Bruns: We have been experimenting with the 
use of anti-friction roller bearings on our payoffs, with 
only minor success up to now. I was about to ask Mr 
Markey whether he had made any tests on any pay- 
ffs so equipped, and what was the coefficient friction 
inder those circumstances? 


‘ron and Steel Engineer, February, 1957 


Frank J. Markey: On installations where the pay-off 
reel was mounted on anti-friction bearings, we have 
found the coefficient of static friction to be as low as 
0.03. Our experience thus far with anti-friction bear- 
ings indicate that they are satisfactory for loads below 
10 tons and strip speeds not in excess of LOOO Ipm. 

One point that must be considered about anti-fric- 
tion bearings is the force required to stop the moving 
reel. When we are moving a heavy weight, which can 
approach as much as 100 tons, we must also consider 
the inertia involved and remember that it is necessary 
to decelerate this mass, stop it, and then move it in the 
opposite direction. The force due to inertia creates an 
additional time lag in the system, which can produce an 
unstable system. 

In addition, a heavy reel mounted on anti-friction 
bearings is an expensive item. The maintenance would 
also be extremely high. 

R. H. Laudeman: We have used side edge controls 
since the late forties; our first imstallation being on 
tension reels. Tension reel applications, how common- 
place in the industry, do not seem to cause much 
difficulty for anyone. 

The side trimmer installation that Mr. Markey men- 
tioned is at Inland, and I believe it is unique to the steel 
industry. The use of side edge control in this instance 
eliminated the need for extensive and expensive reloca 
tion of the entry end equipment. It might have been 
classified as a gamble that paid off 

From other experience we have adopted a_ policy, 
when using hydraulic motor operators, of providing 
separate hydraulic systems for each unit. This is due to 
difficulty encountered from pressure fluctuation of hy- 
draulic systems which are used jointly with other 
equipment, such as coil handling devices. I might add 
that with applications of this type, the length of the air 
line from the sensing nozzle to the control cabinet must 
be kept to a minimum. 

Also, on hydraulic systems, used on this control, | 
would like to mention that we have used various types 
of non-flammable solutions in our low pressure sys- 
tems-——but so far we have been rather unsuccessful in 
finding a suitable fluid for high pressure applications 

I would like to ask if Mr. Markey has ever found any 
satisfactory non-flammable hydraulic fluid for, say, 500 
to 600 psi or above? I would also like to ask if there are 
any successful steering roll applications in the steel in- 
dustry ? You seemed to indicate that there were none 

Frank J. Markey: In reply to Mr Laudeman’s 
question concerning non-flammable fluids, we have for 
many vears used such fluids in low pressure systems 
We have not at this time found one of these fluids that 
will operate successfully without foaming at high 
pressure Foaming, ol course, in a control system Is hot 
tolerable 

In regard to Mr. Laudeman’s question concerning a 
steering roll application, we do not have any operating 
similar to the one described here on a steel strip line 
We do have several operating on aluminum and alu- 
minum foil. There is one operating on aluminum in 
stalled ahead of a slitter. The steering roll guides the 
aluminum into the slitter to a tolerance of plus Ol 
minus '¢4 in. This line operates at 250 fpm. I am sorry 
that we could not have more information available on 
this project, however, the nature of the process 
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secretive and we were unable to obtain any photo- 
graphs or other data. 

Eli Shay: Mr. Markey has done an excellent job of 
setting forth the important principles and data in- 
volved in the proper integration of edge guide control 
components in a modern processing line. 

This information has evolved and accumulated from 
experience in actual practice, with the cooperation of 
the control component builder, the user, and the 
processing line designer and builder. They will un- 
doubtedly be referred to by all in the industry who have 
the problem of designing edge guide control for high- 
speed processing lines. 

Strip position in a high-speed processing line must 
be confined within very close limits through a multi- 
plicity of machines to prevent edge damage, to reduce 
edge damage in subsequent processing, and to ulti- 
mately have the product acceptable to the customer. 

Automatic edge position control in a processing line 
is the continuous forcible positioning of a machine, 
either uncoiling, processing or recoiling, so as to keep 
the strip within these limits. 

The methods of guiding strip in most prevalent use 
today, as Mr. Markey pointed out, are as follows: 1. 
mechanical side guides, 2. self-centering or narrow- 
bodied rolls, 3. On-off positioning control, and 4. con- 
tinuous proportional control. 

In high-speed processing lines, the continuous pro- 
portional control method is used predominantly. Two 
schemes are available: 1. floating electric control (elec- 
tronic-electric-hydraulic), 2. pneumatic-hydraulic sys- 
tem. Both are doing an acceptable job in correctly de- 
signed lines. The processing line design principles 
discussed in Mr. Markey’s paper apply equally well to 
both methods and must be considered to achieve suc- 
cessful operation with either method. 

In 1951 we equipped a 2000-fpm cleaning line with 
both floating electric control and pneumatic-hydraulic 
control, for comparison purposes. Either system could 
be used by merely shutting off or turning on valves in 
the hydraulic motor operator. After many comparisons, 
the user reported that either method will perform 
satisfactorily, but the pneumatic-hydraulic system, 
once properly adjusted, is more easily maintained. 

We recently installed an electrolytic tinning coil 
preparation line, rated at 4000-fpm, with pneumatic- 
hvdraulic edge control for positioning the coil holder. 

This control is doing a very good job of keeping the 
strip edge within the side trimmer knives. This, of 
course, is a tight line, held under precisely regulated 
strip tension. 

We have numerous installations of recoilers in 
cleaning lines, annealing lines, tinning lines and gal- 
vanizing lines, using the pneumatic-hydraulic facility 
for recoiler positioning to wind up finished product, all 
performing very satisfactorily. 

We have one installation of a side trimmer in a tin- 
ning line, positioned to follow the edge of the horizontal 
strip under tension to keep the knives cutting the edge 
regardless of the inevitable weaving of the strip. 

Successful designs of edge-guide-control-equipped 
processing lines will include the data and principles dis- 
cussed in Mr. Markey’s paper, along with other im- 
portant regulating techniques involved in high-speed 
processing line dynamics. 
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These high-speed processing lines today are producing 
higher tonnages of better quality product because of the 
courage and foresight of the steel producer, the com- 
ponent manufacturer, and the equipment builder and 
coordinator working together in their continual efforts 
toward greater productivity. 

C. C. Thomas: Although the broad principles of edge 
position control have been known and used for quite 
some time, this is so far as I know the first time anyone 
has taken the trouble to document them so completely. 

There are two points, not yet covered by Mr. 
Markey or the previous commenters which should be 
mentioned. 

First, there is the question of penumatic hydraulic 
controls versus photoelectric rotating regulator type. 
It must be admitted that for many applications the 
hydraulic control has the advantage of simplicity and 
lower cost. It must also be admitted that within reason 
anything that can be done electrically can be duplicated 
hydraulically. But it seems to me that there are some 
modifications which are required on the more difficult 
or unusual applications that can be more simply made 
to an electric control. 

For example, someone mentioned the problem of 
regulating the edge position on a wind-up reel, which 
was coiling strip with edges thicker than the web. To 
wind a good coil it was necessary to drive a cam which 
slowly oscillated the edge detector to insure the wraps 
would not lay on top of each other. With the electric 
system this has been done by the simple adjustment of a 
stabilizing resistor brought out to the operator’s desk. 

Another example is the case where a simple mechani- 
cal layout of the line does not permit a close pass line 
tolerance. Here I believe the photoelectric edge de- 
tector has the advantage over the air jet detector 
because a greater distance can exist between the trans- 
mitter and the receiver elements. 

And there is also the case where the mechanical 
layout and the range of operating speeds cause severe 


‘transport lag effects.” This effect is common in many 


systems where the measuring and the correcting is not 
done at the same place. In other words if it is wished to 
regulate the edge of a strip feeding into a side trimmer 
by shifting the position of an uncoiler, some mechanical 
layouts introduce a time delay (inversely proportional 
to strip speed) between the shifting of the reel and the 
actual shifting of the strip under the detector head. 
If a regulating system of this nature must be stabilized 
with a single set of adjustments for all strip speeds and 
tensions, it quite likely will be rather poor in_ per- 
formance. This means low gain (sensitivity), slow re- 
sponse, and poor accuracy, at high speeds and low 
tensions in order to favor the low speed and high ten- 
sion condition. In an electric system it is a fairly 
simple matter to readjust the stabilizing components 
as a function of speed, tension, or any other variable 
which may limit the performance. 

Second, it is important to mention that even a per- 
fect edge control cannot hold a true edge position on a 
winding reel if the strip has camber, or curvature 
between the scanning head and the coil. Of course if 
the camber were constant and always in the same direc- 
tion, a perfect coil would result but this obviously does 
not happen. Many coils will exhibit a slightly wavy 
shape on the coil ends on account of variations or 
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reversal of camber. This condition is exaggerated by 
excessive distance between the detector unit and the 
coil and likewise can be reduced by making the distance 
a minimum, but it cannot be eliminated so long as these 
basic mechanical systems described by Mr. Markey 
are used. 

Frank J. Markey: What Mr. Thomas says is true. 
Oftentimes on a slow moving process line, such as a 
galvanized line, there is a considerable time lag between 
the point of detection and the winding reel. However, 
the detector, regardless of what type is used, must be 
located upstream of the last fixed idler roll. It is possible 
to adjust the control system to operate satisfactorily, 
although a time lag as great as 10 seconds exists be- 
tween the detector and the reel. 

At this time, I would like to make one comment on 
what Mr. Shay had to say in regard to other controls 
on the line. Accurate tension control is required on a 
high speed process line and the edge control cannot 
function properly without it. Oftentimes, the edge 
guiding equipment is criticized when a set-out appears 
on a winding coil on the tension reel. In most cases, the 
edge control equipment is not responsible for this error. 
The set-out is caused by lack of tension during a de- 
celeration period. 

Eli Shay: Mr. Brown mentioned using anti-friction 
systems on machines to reduce friction. We have never 
had that requirement, never had the need to do that. 
I am just wondering what created it, the need for reduc- 
ing friction? 

J. B. Brown: The answer is that it was one of eco- 
nomics. I will not quote any prices on Mr. Markey’s 
equipment, but will just say that the weight of this 
winder was such that the use of anti-friction bearings 
allowed us to use one of the smallest units they manufac- 
ture. As a result, the higher cost of rollers over sliding 


shoes was more than offset by the savings in the pur- 
chase cost of the edge control unit. 

Eli Shay: From our point of view, the cost of edge 
guide regulating equipment for shifting total weights of 
coil and machine of 120,000 lb as a part of the overall 
cost of the reel or uncoiler is relatively insignificant 
This, of course, may not be the case as the size of the 
reel or uncoiler becomes smaller and lighter in weight 

J. B. Brown: Our coil weight is 20,000 lb. 

Eli Shay: When you get to handling equipment for 
120,000 Ib, then the economics of a system like this 
becomes negative. 

J. B. Brown: We were at the breaking point, I think. 
Over that weight, probably your statement would be 
quite correct. 

Clark Hague: If I were to emphasize any one point 
he made, it would be concerning the matter of time lag 
in the length of signal line between the detector nozzle 
and the regulator, itself. There is a bit of a time lag, 
that is transmission time lag there, and I think that 
the author has found, as we have found, that keeping 
those signal lines very short pays off handsomely in 
operating stability. 

Frank J. Markey: What Mr. Hague says is true. 
The length of the signal line is an important factor to 
consider for a stable system and is particularly im- 
portant on high speed lines. We have made frequency 
response tests on this system and find that we have an 
inherent time lag of something slightly less than 0.1 
sec. This is due to the compressibility of the air in the 
signal line length, there is no change in this lag. On 
signal lines above 10 ft, a lag is introduced in the system 
which on high speed lines can result in an unstable con- 
trol. Fortunately, on most process lines and particu- 
larly on those that are designed for edge guiding, the 
regulator can be located within 10 ft of the detector. 
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Figure 1 — Air-break motor starter for 200-hp, 2300-volt induction motor having an interrupting rating of 50,000 kva is a 


typical unit. 








High interrupting capacity controllers 
for 2300-4600 volt motors 


By CHARLES A. LISTER, Assistant Supervisor, 


Development Engineering, Electric Controller & Manufacturing Div., Square D Co., Cleveland, Ohio 


NOT many years ago, a-c motor controllers had 
interrupting ratings of ten times full load motor current, 
which was adequate for handling running currents and 
locked-rotor currents, but commonly too small for fault 
interruption. Reliance was placed on circuit: breakers 
ahead of the controllers for interrupting short-cireuits, 
and no guarantee was made on what might happen to 
the controller during the period required by the breakel 
to open the eircuit During the past two decades, there 
has been an increasing demand for controllers with 
practically 
all controllers for 2300 to 4600-volt motors are of the 
high-interrupting capacity type. These controllers, in 


high-interrupting capacity, and today 
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addition to performing the regular functions of starting, 
stopping, reversing, plugging, Jogging, and dynamic 
braking, also include means for interrupting short-circuit 
currents, and are built to withstand the thermal and 
electromagnetic effects of short-circuits during the time 
required for interruption. 

Depending upon means used for limiting and 
interrupting short-circuit) currents, high-interrupting 
capacity controllers may be classified as follows 


1. Controllers in which the line contactor is used for 
interrupting short-circuits and in which no fault 


limiting means is provided. 
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.... aur-break and oil-immersed motor controllers 
are now available with high-inlerrupling capac- 
ily... . these have been tested in service and 
shorl-circuil lests controllers take many 
different forms depending on the application but 


all have the ability lo do their job... . 


2. Controllers which employ fuses for interrupting 
short-circuits. 

3. Controllers in which the contactor interrupts 

short-circuits but which include air-core reactors 

for limiting the magnitude of the short-circuits. 


Under NEMA Standards 


the contactor for interrupting short-circuits may be 


*controllers which employ 


used in circuit locations where the available symmetri- 
eal fault kva from all sources does not exceed 50,000 kva 
at the incoming terminalis of the controller. Fused 
starters, covered by NEMA Standards, may be used 
where the available symmetrical fault kva is as high 
as 150.000 kva on 2300-volt systems and 250.000 kva 
on 4600-volt systems. Controllers with air-core reactors 
for limiting fault currents are not included in NEMA 
Standards, but can be built for use on systems of any 
available short-circuit kva. In these starters, the 
reactors limit the current to a value lower than the 
interrupting rating of the contactor in the controller 
\ll three forms of starters can be built using either 
air-break, or oil-immersed contactors. The rating of 
controllers in terms of symmetrical kva Was adopted 
tO make application simple since with this method of 
rating, it Is not necessary to calculate the magnitude 
of d-e components present during faults. The controller 
must be able to Interrupt the circuit regardless of the 
magnitude of any d-c components present, and the 


standards for testing are written according! 


STARTER WITH 50,000 KVA INTERRUPTING RATING 
CONTACTOR 


ligure | shows a typical motor startel! employing 
a contacto designed to interrupt fault currents where 
the available symmetrical fault kva does not exceed 
0,000 kva. This is an air-break starter for a 200-hp, 
2300-volt, 5-phase, squirrel cage induction motor 
In the upper front compartment, separated by steel 
barriers from the other compartments, are disconnect 
switches and a door switch for de-energizing the con 
tactor magnet when the door to the disconnect switch 
compartment is opened. Directly below is a compart- 
ment housing overload relays and other low voltage 
devices. For synchronous motor controllers, the field 
switch and synchronizing equipment are located here 
The low-voltage panel is supported by hinged brackets 


so that the assembly can be swung out for servicing 


Numbers in parentheses reter to Bibliography at end ot paper 
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Figure 2— The contactor is the heart of the controller. 
One shown is rated 200 amp, 2300-4600 voit, 50,000 kva. 





Figure 3 — Air-break contactor of 400-amp, 2300 4600 volt 
capacity, is shown with phase barrier assembly and 
arc chutes removed. 


and for access to the contactor located behind a re 
movable steel partition (ny meters required are 
placed on the door of the low-voltage section, as are 
push buttons and indicating lights 

\ fused control power transformer 1s located near 
the top ol the rear high-voltage compartment, and 
when potential trantormers are required lor metering 
they are located adjacent. Current transformers are 
located beneath the control power transtormet! and at 
air-break contactor is mounted at the bottom of the 
compartment kon the photograph, a barrier assembly 
which provides phase to phase insulation between the 
poles of the contactor, was omitted Space has been 
provided for mounting two potheads between the con 


tactor and the rear of the low-voltage compartment 


AIR-BREAK CONTACTOR 


The heart of the controller is, of course, the contac 
tor--in this case a 200-amp air-break contactor having 
50,000 Kva interrupting rating. The left hand portion 
of Figure 2 shows this contactor complete with phase 
Larner assembly. This barrier, which is closed front 
and top but open at the rear to vent gases, is removed 
tv lifting slightly and drawing out. When this is done, 
the contactor appears as shown in the right-hand view 
(re chutes, in which circuit interruption takes place, 
are supported on laminated high-silicon steel blowout 
ears, part of a magnetic circuit providing flux across 
the are chutes to drive ares upward. Withdrawal of the 
are chutes IS horizontal and ay he done after the 
clamps are released 


igure 3 shows the front and rear views of a 1O0-amp 


133 











Figure 4 — Cutaway view shows current paths through the 
contactor. 


contactor with phase barrier and are chutes removed. 
When the barriers and are chutes are off, the contact 
tips and other moving parts are clearly visible for in- 
spection and readily accessible for replacement, a 
particularly desirable feature because contactors are 
normally serviced in place. As indicated by the figure, 
the moving parts are simple, rugged, and generally 
similar to parts of heavy duty low-voltage contactors 
used in crane and mill service. Life tests have shown the 
moving parts to be useful for over two million opera- 
tions with the exception, of course, of the contact 
tips whose life depends upon the load handled. Closing 
of the contactor of Figure 3 is accomplished by a d-c 
operating magnet while the contactor of Figure 2 is 
closed by an a-c operating magnet, the magnets being 
interchangeable. 

When a contactor interrupts short-circuits, the high 
electro-magnetic forces accelerate the moving parts 
and might cause the contactor to rebound from the 
open position and re-establish the circuit. This is 
avoided by use of a special anti-rebound stop which 
absorbs the kinetic energy of the moving parts. As 
the armature strikes the stop block, the block rotates 
and rubs against the armature. By the time the arma- 
ture reaches the flat of the block, much of the energy 
is absorbed and no perceptible rebound occurs. 

Control circuit contacts are located in an accessible 
position above the operating magnet, and as many 
as four normally-open and four normally-closed 
contacts can be supplied. 

Figure 4 is a cutaway side view of one pole showing 
the current paths through the contactor. Current 
first passes through a permanently connected blowout 
coil to excite the blowout structure (not shown), 
then through the contact tips, a flexible connector and 
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Figure 5 — Cooling plates are made of glass-bonded mica. 


an “‘anti-blowoff’’ assembly to the outgoing terminal. 
The “anti-blowoff’’ conductors are designed to neutral- 
ize the magnetic forces on the flexible connector which 
would otherwise cause the contact tips to blow apart 
during short-circuit. When the contactor opens, the 
are drawn between the tips is driven by the blowout 
field onto and up are runners which guide the are into 
the cooling plates stack. Here the are is forced to take 
a sinuous path, and the lengthening and cooling of the 
are causes it to be deionized and extinguished. Figure 
5 shows the cooling plate stack. The plates are made of 
glass bonded mica, a highly effective material for are 
interruption, and one which does not absorb water, and 
therefore, retains its dielectric strength indefinitely. 
In addition to the usual ratings and the interrupting 
rating, the contactor has an impulse rating of 60,000 
volts phase to phase and phase to ground. This means 
the contactor will withstand positive and negative 
voltage impulses of 60,000 volts between any two ter- 
minals and between any terminal and the frame. 


THERMAL AND MAGNETIC OVERLOAD RELAYS 


Protection against operation under abnormal condi- 
tions which would damage the motor is afforded by 
relays. Plain thermal overload relays, which sense 
motor temperature and initiate disconnection of the 
motor when safe operating temperature is exceeded, 
would give protection against locked rotor, low-voltage 
conditions, and overloading, but these relays are in- 
herently slow and do not trip as fast as desired to 
minimize damage when short-circuits occur. Conse- 
quently, additional relays with fast operation at high 
currents are needed for fault protection. 

In the controller shown in Figure 1, dual purpose 
relays are provided. These have a thermal section for 
motor overload protection and an _ instantaneous 
magnetic section for tipping upon. short-circuit. 
Figure 6 shows this relay. The rear coil is a primary 
coil connected to a current transformer in one of the 
high-voltage lines. The secondary coil is magnetically 
coupled to the primary coil by a laminated steel core 
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Figure 6 — Front and side views of thermal-magnetic overload relay. 


and is connected directly and permanently to a U- 
shaped bimetal element located just behind the con- 
tact switch base, as shown in the right hand view. 
Two industrial type precision snap-switches are 
mounted on the switch base, the left hand switch being 
used for instantaneous magnetic trip, and the right hand 
switch being used for a thermal trip. The thermal 
trip lever, on the right, is spring-loaded and is suspended 
in such a way as to trip the thermal snap-switch when 
the bimetal strip has deflected a sufficient amount. 
Means are provided for calibrating and setting the 
relay to trip at an appropriate percentage of motor full 
load current and to permit adjusting the current setting 
easily in the field. The thermal switch is usually fur- 
nished with automatic reset, but it can be furnished with 
hand reset or magnetic reset. 

The thermal section of the relay can be set to trip 
on any value of sustained overload in the range of 


110 to 125 per cent of motor full load current; relays 
protecting 40 C rise motors are commonly set to trip 
at 125 per cent current, and relays protecting 55 C 
rise motors are normally set to trip at 110 per cent 
current. To prevent unnecessary tripping on starting, 
relatively long trip times at motor inrush currents are 
provided. This feature was obtained by selecting the 
size of the magnetic core to give saturation slightly 
above the excitation caused by a full load current, 
thus causing the current to the bimetal to be less than 
proportional to line current during motor starting. 
lor currents of fault magnitude which might destroy 
other thermal relays, the relay core is highly saturated 
and current to the bimetal is much less than propor- 
tional to primary current, and thus the secondary coil 
and bimetal are protected from damage. For some ap- 
plications it is desirable to have tripping of the thermal 
section independent of ambient temperature and caused 


Figure 7 — Left hand view shows instantaneous magnetic trip section and right hand view shows special trip lever for 


ambient temperature compensation. 
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Figure 8 — This controller uses an oil-immersed contactor. 


only by sustamed over current. Fon these cases, ambient 


COMPpenHSATION 


pro ided On the relay and Is accomM- 


plished 1\ substituting a special trip lever on the thermal 


ection as shown in the right hand view ol igure 7 
The special trip lever mounts a bimetal part which 
compensates for deflections of the main bimetal caused 


by ambient temperature. Equipped with this special 
lever, the relay operation is nearly independent of 
unbient temperature 

The instantaneous trip parts are seen more Clearly 
in the left hand view of Iigure 7. The magnetic core 
has projections to the rear of the primary coil, and a 
light steel armature, mounted on the upper projecting 
leg, is positioned by a spring so that an air gap is formed 
between the armature and lower projecting core leg 
Chis armature is actuated by leakage flux which passes 
through the armature and across the air gap. The arma 
ture is connected by a rod toa trip lever suspended In 
the same way as the thermal trip lever and arranged to 
operate the instantaneous section snap-switch. This 
trip lever is also restrained by a spring which has a 
compression adjustment to permit setting the relay to 
trip at the desired current value. The snap-switch ol 
this section of the relay is usually furnished with hand 
reset. since users ordinarily wish to check carefully 
before attempting to restart a motor after currents of 
fault magnitude have occurred 

The magnetic section of the relay can be adjusted so 
the minimum trip current is as low as 12 times motor 
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Figure 9 — The contactor can be lifted out of the oil with- 
out disconnecting the leads. 





Figure 10— Controllers in hazardous atmospheres use 
heavier enclosure construction. 


full load and as high as 25 times full load. This setting 
is made by adjusting spring compression and is inde- 
pendent of the adjustment on the thermal portion of 
the relay. For currents of fault magnitude, the magnetic 
section operates in less than | cycle 


OTHER STARTING COMPONENTS 


All high-voltage starter components such as dis 
connect switches, control transformers, current trans 
formers, potential transformers, and cable have a 
high impulse rating of 45 kv for 2300-volt starters and 
60 kv for 4600-volt starters. Those components which 
carry power current also have high thermal rating to 
withstand the effects of short-circuit during the period 
required for interruption. Thus, the starter as a whole 
is suitable under normal conditions, under conditions 
of short-circuit, and during voltage disturbances. 
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Figure 11 — Air-break reversing and plugging controller shown is used on a 1500-hp, 2300-volt, wound-rotor induction 


motor driving a rolling mill. 


OIL-IMMERSED CONTROLLERS VS AIR-BREAK 
CONTROLLERS 


igure 8 shows a controller similar in function to the 
one discussed previously, but employing an_ oil- 
immersed contactor. Disconnect switches and a door 
switch are housed in the upper front compartment 
and low-voltage devices are housed in the lower front 
compartment. The contactor together with the control 
power transformer, its fuses, and the current trans- 
formers are located under oil in the tank behind the 
cabinet. As shown in Figure 9, the contactor can be 
lifted out of the oil without disconnecting the leads. 
Contactors located beneath oil are well protected 
from the atmosphere, and arcing which occurs during 
circuit opening is confined beneath the oil. Therefore, 
oil-immersed controllers are particularly appropriate 
for use in corrosive and hazardous atmospheres. 
Controllers for use in hazardous atmospheres are 
characterized by heavier enclosure construction as 
shown in Figure 10. The starters shown are for 500-hp, 
2300-volt motors installed in an oil refinery. The uppet 
portion of each starter contains an oil-immersed dis 
connect switch housed in a steel plate enclosure. The 
ow-voltage compartment, beneath, contains ove 
oad relays, and the tank in the rear contains the con 
tactor, control transformer, and current transformers 
Air-break starters offer easy accessibility for in- 


spection and maintenance and give longer contact 
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tip life. They are very well suited for jobs such as 
coal unloaders, which require repetitive — starting, 
stopping, and jogging. Also, air-break contactors are 
faster operating mechanically, and therefore are pre 
ferred for jobs requiring fast dynamic braking o1 
plugging, such as rubber mills. For a great many 
applications, oil-immersed or air-break starters are 
about equally appropriate. 


HIGH-INTERRUPTING CAPACITY CONTROLLERS 
EMPLOYING FUSES FOR INTERRUPTING 
SHORT-CIRCUITS 


ligure 11 shows the primary control equipment for 
a 1500-hp, 2300-volt, wound-rotor induction moto 
driving a rolling mill. A bus compartment is provided 
in the upper front section of the controller, the bus 
being arranged for connection to similar bus in adja- 
eent starters. The bus is enclosed in its own compart 
ment, the cover of which has been removed for th 
picture. The power fuses are mounted ih clips the 


lower of which is hinged so that the fuses also serve as 


disconnecting means. The door interlock, and low 
voltage panel and meters are provided as in the sin 
pler starters. The left hand lower portion of the controll 
houses potential relavs lor metering, al d the contro 
power transformer. In the rear of the cabinet are re 
versing contactors, current transtormers, and pote! 


tial transformers for potential interlocking These 
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Figure 12 — This 300-hp, 2300-volt, air-break starter has air-core reactors to limit fault kva to less than 25,000. 


latter transformers, in conjunction with voltage re- 
lays, prevent closing the reversing contactor until the 
ares on the other contactor have been extinguished. 
The contactors are also electrically and mechanically 
interlocked. 


CONTROLLERS EMPLOYING AIR-CORE REACTORS 
AS CURRENT LIMITERS 


A typical controller, baving air-core reactors for 
limiting fault currents, is shown in Figure 12. This 
particular controller is for a 300-hp, 2300-volt motor, 
and the impedance of the reactors is of sufficient 
magnitude to limit the fault kva to 25,000 kva when the 
incoming terminals of the controller are connected to a 
bus of infinite capacity. Since, in practice, the imped- 
ance of the system ahead of the controller causes the 
available fault kva beyond the reactors to be less than 
25,000 kva, and a contactor with 50,000-kva interrupt- 
ing capacity is used, a considerable safety factor is 
provided, 

lor a given voltage, the reactance of the air-core 
reactors is determined only by the amount the avail- 
able kva is to be limited and does not depend upon 
motor size. However, the current carrying capacity of 
the reactor must increase with motor size and conse- 
quently also, weight and size of the reactors. This 
imposes a practical limit to the size of motors for which 
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air-core reactor starters are economical. This limit is 
about 600 hp for 60-cycle motors. The reactors also 
reduce motor starting currents, the effect being more 
pronounced with larger motors. For many applica- 
tions, this is desirable because it gives’ an effect of re- 
duced voltage starting without the addition of an extra 
contactor and transfer relay. However, this reduction 
in motor starting current reduces torque, and care must 
be exercised in the use of air-core reactors for applica- 
tions of large motors requiring high starting torques. 


SHORT-CIRCUIT TESTS OF AIR AND OIL BREAK 
STARTERS 


In 1953, a series of short-circuit tests were made on 
high-interrupting capacity controllers at the Crompton- 
Parkinson Laboratory in Chelmsford, England. These 
tests were made according to NEMA test specifica- 
tions for controllers for use where the available sym- 
metrical short-circuit kva is as high as 50,000 kva 
and in which the contactor is used for starting and 
stopping the motor and also for interrupting short- 
circuits. In test, a controller is first short-circuited at 
its incoming terminals and a test circuit is set up which 
will produce currents corresponding to the short- 
circuit kva rating of the controller. The circuit is 
closed by a switch, and currents, voltages, and othe 
pertinent data are recorded by oscillograph. Following 
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this, the short-circuit is removed from the incoming 
terminals of the controller and is placed at the motor 
terminals of the controller. The circuit is then closed 
by the contactor and interrupted by the contactor as 
soon as the instantaneous overload relays of the con- 
troller operate. Three of these close-open operations 
are made at two minute intervals. At the end of the 
test, the controller must withstand rated voltage when 
the contactor is open and must be capable of carrying 
rated current with the contactor closed, but not neces- 
sarily without exceeding its temperature rating. 

A 200-amp air-break starter was tested at 2300 volts 
with 50,000 kva and 60,000 kva available, at 4600 volts 
with 50,000 kva available and at 5000 volts with 60,000 
kva available. In each case, the three close-open opera- 
tions specified by NEMA were made. At the end of the 
tests, all of which were made with the same contactor, 
the starter was in usable condition. The tests at 60,000 
kva were, of course, greater than required by the 
NEMA specifications, but were made to prove a com- 
fortable margin above the requirements. No tests were 
made above 60,000 kva, as there appeared to be no 
object in proving greater interrupting ability. 

Three oil-immersed starters were tested, a 200-amp, 


2300-volt starter, a 200-amp, 4600-volt starter, and a 
400-amp, 2300-volt starter. These starters were al 
tested with available fault capacities of 50,000 kva or 
more and no cases of failure occurred. Reports attesting 
to the fact that the controllers met the NEMA Stand- 
ards have been issued by the testing laboratory. 
Thus, both air-break and oil-immersed motor con- 
trollers of high-interrupting capacity are now available 
which have been tested in service and in short-circuit 
tests. Depending upon the application, these controllers 
take many different forms, but they have in common 
the ability to do the regular duties well and to stand up 
under the severe abnormal conditions of short-circuit. 
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Steelmakers Discuss Use of 
Materials in Arc Furnaces 


On the basis of experience in Sweden, ‘“‘the produc- 
tion of sponge iron in large quantities for commercial 
steelmaking seems worth considering,” John Stalhed, 
General Manager of the Sponge Iron Division of Stora 
Kopparberg Corp., Soderfors, Sweden, advised the 
l4th Annual Electric Furnace Steel Conference. The 
conference is sponsored by the Electric Furnace Steel 
Committee of the Iron and Steel Division of the Ameri- 
can Institute of Mining, Metallurgical, and Petroleum 
Engineers. 

The speaker pointed out that Sweden’s steel produc- 
tion is to a great extent specialized on high-grade steel] 
and that of the total steel production (about 2,500,000 
metric tons in 1955) some 550,000 tons were high grade 
steel. The greater part of this quantity, is produced in 
electric are furnaces. He reported that sponge iron 
tulfills the requirement of a suitable carbon content as 
well as a high purity and has proved to be an excellent 
raw material for the electric furnace. Melting time 
usually is somewhat increased when using sponge iron 
but, at the same time, the refining period can be made 
horter. Therefore, the total time may be the same or 
even shorter for a charge consisting mostly of sponge 
than for a 100 per cent scrap charge. 

The total cost of melting sponge in the electric 
irnace is not higher than for melting scrap, provided 
hat a suitable procedure is used. So far, sponge iron is 
ised in Sweden only for high-grade steel. However, in 


on and Steel Engineer, February, 1957 


spite of the fact that it is produced only in small 
quantities, production cost is not higher than for pig 
iron. Sponge iron offers the possibility of replacing 
coke as a reduction medium with either natural gas or 
oil. 

In a paper discussing the benefits of the use of virgin 
melting stocks, P. E. Cavanagh, of Toronto, Director 
of the Department of Engineering and Metallurgy, 
Ontario Research Foundation, said: 

“In many studies of the use of virgin melting stocks 
in electric steelmaking, conclusions are based on the 
cost of the melting stock as it enters the steelmaking 
furnace. The true comparison must be in the actual 
increase in profits obtained from the operations of the 
company as a result of introducing virgin melting stocks 
as part of the charge. 

“The additional profit will arise out of possible sav- 
ings in the cost of furnace operations, in lower operating 
costs in further processing, rolling, forging and anneal- 
ing of the product, and in the improved customer rela- 
tions and lowered percentage of rejected material aris- 
ing from a known and uniform quality in the steel. 

“All steelmakers know that a large proportion of 
their problems would be solved by reducing the residual 
content of their steel ingots to half the present levels 
and maintaining them at a known level. This desir- 
able end can be achieved by the use of virgin melting 
stocks.”’ 
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INK Western Meeting 


ST. FRANCIS HOTEL 
SAN FRANCISCO, CALIFORNIA 





March 4, 5, 6, 1957 


MONDAY, MARCH 4 


8:30 am—REGISTRATION 


9:00 am—TECHNICAL SESSION— 
Colonial Room 


Chairmen: W. T. Purvance, Works Engineer, Columbia-Geneva Steel 
Div., United States Steel Corp., Provo, Utah 


G. W. Teskey, Jr., Superintendent Open Hearth, Bethlehem 
Pacific Coast Steel Corp., San Francisco, Calif. 


"Basic Hot Blast Cupola as Source of Hot Metal for Steel Plants,” 
by E. S. Harman, President, E. S. Harman Corp., Chicago, Ill., 
and Siegfred Tunder, Vice President and General Manager of 
Technical Operations, GHW (Gesellschaft fur Huttenwerksanla- 
gen, m.b.H.) Dusseldorf, Germany 


“The All-Basic Open Hearth Furnace,"" by R. P. Hever, Vice Presi- 
dent, and M. A. Fay, Assistant General Sales Manager, General 
Refractories Co., Philadelphia, Pa. 


“Economics of Oxygen Generating Stations for Steel Mill High and 
Low Purity Oxygen Applications,"’ by Arthur E. Steele, Assist- 
ant to General Sales Manager, and Donald E. Cummings, 
Manager, Steel Mill Sales Division, Air Products, Inc., Allentown, 
Poa 


2:00 pm—TECHNICAL SESSION— 


Colonial Room 


Chairmen: E. C. Thomas, Works Manager, Pacific States Steel Corp., 
Niles, Calif. 


R. J. Tremblay, General Manager, Bethlehem Pacific Coast 
Steel Corp., Los Angeles, Calif. 


“Industries’ Water Problems and Their Solution,” by H. |. Riegel, 
Superintendent Utilities Dept., Kaiser Steel Corp., Fontana, Calif. 


“Mill Gearing as Viewed by a Lubrication Engineer,” by A. E. 
Cichelli, Lubrication Engineer, Construction Engineering Dept., 
Bethlehem Stee! Co., Bethlehem, Pa. 


"Selection and Economy of Equipment for Blooming and Slabbing 
Mills,"” by Kurt Schlesinger, Project and Sales Engineer, United 
Engineering and Foundry Co., Pittsburgh, Pa. 


“Recent Developments in Slabbing Mills," by H. J. Kalberkamp, 
Chief Engineer, Mesta Machine Co., Pittsburgh, Pa. 
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TUESDAY, MARCH 5 


9:00 am—TECHNICAL SESSION— 
Colonial Room 


Chairmen: William Brill, Director of Engineering, The Colorado Fuel & 
Iron Corp., Pueblo, Colo. 


W. F. Pruden, Chief Engineer, Columbia-Geneva Steel Div., 
United States Steel Corp., San Francisco, Calif. 


“The Facility Round-Out Program at Columbia-Geneva,” by Harold 
G. Degitz, Staff Engineer, Columbia-Geneva Steel Div., United 
States Steel Corp., San Francisco, Calif. 


“Coordination between Engineering and Other Departments," 
by J. William DePoy, Chief Engineer, Pacific Coast Div., The 
Colorado Fuel and Iron Corp., Oakland, Calif. 


"Silicone Lubricants and Protective Coatings in the Stcel Industry” 
Part I—"'Silicone Lubricants,"" by W. H. Ragborg, Laboratory 
Supervisor, and W. H. Badger, Development Engineer, Fluids 
Section, Product Development Laboratories, Dow Corning Corp., 
Midland, Mich. 


Part ll—"'Silicone Protective Coatings,"” by R. C. Hedlund, 
Supervisor, Coatings Laboratory, Product Development Labora- 
tories, Dow Corning Corp., Midland, Mich. 


2:00 pm—TECHNICAL SESSION— 
Colonial Room 


Chairmen: C. C. Brandt, Superintendent, Electrical Department, Beth- 
lehem Pacific Coast Steel Corp., Los Angeles, Calif. 


E. F. Donatic, General Superintendent, Kaiser Steel Corp., 
Fontana, Calif. 


“Greater Flexibility for Wire Drawing,” by R. C. Suttle, Application 
Engineer, Reliance Electric & Engineering Co., Cleveland, Ohio, 
and Maurice A. Nye, Chief Engineer, Vaughn Machinery Co., 
Cuyahoga Falls, Ohio 


"Methods of Control of Strip Thickness on Hot Strip Finishing Mills," 
by R. A. Phillips, Control Systems, Analytical Engineering 
Section, General Electric Co., Schenectady, N. Y. 


“Steel Mill System Studies,"" by D. Dalasta, General Engineer, 
and F. Nolan, Application Engineer, Switchgear Department, 
Allis-Chalmers Manufacturing Co., Milwaukee, Wis. 


“The Application of Static Switching to the Steel Industry,”” by D. 
Lawrence Pierce, Assistant Manager, Control Dept., Motor & 
Control Div., Westinghouse Electric Corp., Buffalo, N. Y. 


lron and Steel Engineer, February, 1957 
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7:00 pm—INFORMAL STAG DINNER— 
Colonial Room 


WEDNESDAY, MARCH 6 


Inspection Trip to South San Francisco Plant, Bethlehem Pacific Coast 
Steel Corp., San Francisco, Calif. Buses will leave the St. Francis 
Hotel at 8:30 am. 


hotel reservations 


Write Girect for hotel reservations to St. Francis R. J. TREMBLAY 
Hotel, Union Square, San Francisco 19, Calif., giving 
time of arrival and type of accommodation desired. 
Reservations should state that they are for AISE Western 


meeting. 


transportation 


Individuals or groups desiring assistance in planning 
their trip should get in touch with the office of American 
Express Co., in their respective cities or with any local 
travel agency. 
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Abstracts of Technical Papers 


to be presented at 


AISE WESTERN MEETING 


March 4, 


ST. FRANCIS HOTEL 


“BASIC HOT BLAST CUPOLA AS SOURCE 
OF HOT METAL FOR STEEL PLANTS” 


by E. S. HARMAN, President, E. S. Harman Corp., Chicago, 
lil., and SIEGFRED TUNDER, Vice President and General 
Manager of Technical Operations, GHW (Gesellschaft fiir 
Huttenwerksanlagen, m.b.H.) Diisseldorf, Germany. 

A GESELLSCHAFT fiir Hut- 
tenwerksanlagen (GHW) of Diis- 
seldorf has perfected the design 
and operating practice on the car- 
bon-lined hot blast cupola to a 
point where it is more than wor- 
thy of a second look by the Amer- 
ican iron and steel industry as a 
means for increasing open hearth 
furnace production and decreas- 


> 
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The design principles now em- 
ployed more closely approach those employed in blast 
furnace practice than those employed in the cold blast 
cupola with which we are familiar. 

The fumes and dust emitted from the stack of a cold 
blast cupola are completely absent in the new design. 
All the cupola gas is withdrawn 
from the cupola several feet. be- 
low the level of the charge which 
is maintained fairly uniform 
through stock line recorders. The 
cupola gas is cleaned and deliv- 
ered under pressure for plant use. 
Fifty-five per cent of the cupola 
gas produced is used for heating 
the blast. Blast temperatures of 
1100 to 1200 F are continuously 
and uniformly maintained. 

The carbon lining in the hearth lasts indefinitely, 
with patching around the tuyeres every six to eight 
weeks. This is in contrast to shutting down every 72 to 
80 hrs for relining a cold blast acid cupola. 

The difference in operation between the carbon-lined, 
basic-operated, hot blast cupola and the conventional 
cold blast acid cupola is just as pronounced, if not more 


SIEGFRED TUNDER 
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so, than is the design. The cupola will operate on a 100 
per cent charge of the cheapest grades of steel scrap, 
using furnace coke. Cast iron scrap and foundry coke 
are not required, nor is desulphurizing. The cost of 
metal from a carbon-lined, hot blast cupola is substan- 
tially lower than the cost of metal produced in the cold 
blast cupola. 

The effect of cupola metal upon open hearth produe- 
tion rates and costs has been definitely determined over 
a period of three years of operation in German plants. 
These results definitely establish the basic-operated, 
carbon-lined, hot blast cupola as the most expeditious 
means for increasing ingot production and reducing 
ingot costs. 

Another use for the basic-operated, carbon-iined hot 
blast cupola is supplying hot metal to oxygen blown 
converter plants. This combination affords just about 
the cheapest cost in terms of production and fixed 
charges. Decarbonizing cupola metal in the ladle for 
charging electric furnaces is another application. 


“THE ALL-BASIC OPEN HEARTH 
FURNACE” 


by R. P. HEUER, Vice President and M. A. FAY, Assistant 
General Sales Manager, General Refractories Co., Phila- 
delphia, Pa. 


A THE history of the develop- 
ment of the all-basic furnace, 
both here and abroad, is reviewed 
from the inception of this de- 
velopment in the early 1930's, to 
the present time. This period cov- 
ers the earliest trials and devel- 
opments up to and including the 
presently successful operations. 
The construction of the present 
all-basic furnace is described with 
discussion of the changes in tech- 
nique which evolved to the present arrangements, in- 
cluding both flat and arched roofs. The more critical 
factors of construction technique are identified and sug- 
gestions are made as to further possible improvements 


R. P. HEUER 
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and as to areas where further research is needed to ob- 
tain better results. 

The refractories used in all 
basic furnaces are discussed, with 
emphasis on recent developments 
of refractories for basic main 
roofs. Front wall problems and 
their solution, back wall refrac- 
tories and refractories for basic 
ends are discussed. The neces- 
sary characteristics for satisfac- 
tory basic checkers are described. 

The operation of all basic fur- 
naces is reviewed as to results comparative with silica 
furnaces in the light of the several changes in open 
hearth operations which have occurred in the last dee- 
ade. These include the use of higher firing rates, rede- 


M. A. FAY 


sign of furnaces for larger heat size and/or greater 
hearth area, and the increasing use of oxygen. 

The present economy of the all basic furnace is dis- 
cussed and comparison made with silica furnaces. A 
summary of the future outlook for the all basic furnace 
is presented including a discussion of possible improve- 
ment of open hearth operations through improved re- 
generation, better heat transfer in the furnace chamber, 
and greater furnace availability, all of which are prac- 
ticable only with all-basic furnaces. 

A bibliography of the literature related to the all- 
basic furnace is listed. 


“ECONOMICS OF OXYGEN GENERATING 
STATIONS FOR STEEL MILL HIGH AND 
LOW PURITY OXYGEN APPLICATIONS”’ 


by ARTHUR E. STEELE, Assistant to General Sales Manager, 
and DONALD E. CUMMINGS, Manager, Steel Mill Sales 
Division, Air Products, Inc., Allentown, Pa. 


A THE low-cost oxygen avail- 
able today to the steel industry 
has brought forth a host of prac- 
tical uses for oxygen which were 
only of academic interest to the 
steel mill metallurgist and engi- 
neer a few years ago. Among 
these applications are increased 
mechanical expanded 
open-hearth use, both for decar- 
burization and combustion pur- 


scarfing:; 


ARTHUR E. STEELE 
poses; carbon reduction in elec- 
tric furnaces: air enrichment for 
blast furnaces; and recently, the 
top blown oxygen converter proc- 
ess, 

This paper classifies these high 
and low purity oxygen applica- 
tions broadly into critical and 
non-critical requirements from 
the standpoint of continuity of 
oxygen supply. Each application 
of oxygen in the steel industry is 
evaluated as to the most economical method of oxygen 
generation for the particular requirement, consistent 
vith the desired reliability and flexibility. 


D. E. CUMMINGS 
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‘INDUSTRIES’ WATER PROBLEMS AND 
THEIR SOLUTION” 


by H. |. RIEGEL, Superintendent, Utilities Department, 
Kaiser Steel Corp., Fontana, Calif. 


A PRACTICES in water con- 
servation now in effect in certain 
parts of the State of California 
will very likely be the forerunners 
of water conservation practices 
in other parts of the United 
States that are now considered 
to have plenty of water resources 
for home and industrial pur- 
poses. In some Cases the need for 
action may be immediate, while H. |. RIEGEL 

in other cases the need may be 

in the distant future. The water supply problem in 
general is quality rather than quantity. This is the re- 
sult of increased demand on our water resources caused 





by increased population with individual greater use of 
water, and increased industry to supply the ever ex- 
panding needs of people. The need for conservation of 
this valuable resource is becoming more apparent 
throughout the entire nation. 

The discussion covers the California State Water 
Pollution control law and its general application. It 
also indicates the practices used by some industries to 
conserve water resources in such a manner as to make 
the greatest beneficial use of this valuable resource 
Industries discussed will include steel, power, canneries, 
petroleum, citrus processing and others. 


“SELECTION AND ECONOMY OF EQUIP- 
MENT FOR BLOOMING AND SLABBING 
MILLS” 


by KURT SCHLESINGER, Project & Sales Engineer, United 
Engineering & Foundry Co., Pittsburgh, Pa. 


A THIS paper deals with the 
selection and economy of equip- 
ment for blooming and slabbing 
mills. Such selection depends not 
only on a thorough survey of 
existing and future markets but 
also on the ready availability 
and development of raw ma- 
terials. 





In this paper, only the selec- 
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tion and economy of equipment 
for blooming and slabbing mills 
up to a yearly production of approximately 1,250,000 
tons is considered. Not taken into account are universal 
slabbing mills with a much higher output. 

Analyzed are three hypothetical blooming mill 
plants, each plant as a separate unit, operating under 
different conditions with different ingot sizes, utilizing 
different unit production figures, and operating differ- 
ent hours per year to achieve specified tonnages. 

Plant “A” 
200,000 net tons of ingots considering a future expansion 
to 300,000 tons 


with an annual capacity from 50,000 to 


A 29-in. three-high blooming mill in- 
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stallation is selected, suitable for rolling blooms and 
billets. This type of mill is generally not acceptable 
anymore for modern steel mill practices. Limited pro- 
duction and non-flexibility are its main disadvantages. 
However, for a very small production with limited 
future expansion, this type of mill, because of lower 
initial investment, may be considered. 

Plant “B” with an annual capacity from 300,000 to a 
A 36-in. two- 
high reversing blooming mill is described, for the pro- 
duction of blooms, billets and small slabs. This is a 
modern type mill with medium capacity. Many such 
installations are in successful operation, rolling either 
ingots to blooms or small slabs, or operating as second- 
ary mills in conjunction with a large 44-in. blooming 
and slabbing mill. 

Plant “C”’ with an annual capacity from 500,000 to 


maximum of 500,000 net tons of ingots 


900,000 net tons of ingots considering a future expansion 
of over 1,000,000 tons—A 44-in. two-high reversing mill 
is analyzed, suitable for rolling blooms and large size 
slabs. This type of mill incorporates the most modern 
improvements and is extensively used where maximum 
production is a prime factor. 

The analysis of blooming mills of specified production 
capacities must be re-evaluated and applied to con- 
ditions existing at various locations of steel plants in 
order to estimate the profitability of a proposed project. 


‘MILL GEARING AS VIEWED BY A 
LUBRICATION ENGINEER”’ 


by A. E. CICHELLI, Lubrication Engineer, Construction Engi- 
neering Dept., Bethlehem Steel Co., Bethlehem, Pa. 


A LONG, uninterrupted gear 
life for such periods as ten, or 
even twenty years, is the dream 
of every maintenance engineer 
in the steel industry. Such lon- 
gevity has been experienced, but 
in this era of higher speeds and 
loads, similar good records are 
less likely to be attained. This 





paper reviews a number of ex- 
amples of gear units in steel mill 
service, analyzing their perform- 
ance in the light of data found in the field. Among those 
surveyed, were the drives and pinions of blooming, 
slabbing, plate, bar, rod, hot and cold strip mills. The 
author points out that in many cases of gear failure as 
revealed in the survey, there is evidence for the need 
of harder, tougher and more accurate gearing. Lubri- 
cation, even at its best, has not been able to compensate 
for the deficiency in these characteristics. 


A. E. CICHELLI 


“RECENT DEVELOPMENTS IN SLABBING 
MILLS” 


by H. J. KALBERKAMP, Chief Engineer, Mesta Machine Co., 
Pittsburgh, Pa. 


A AS part of the large expansion in the steel industry 
over the last several years and as part of plans for the 
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immediate future; a number of primary rolling mills 





have been built and several such 
mills are now under construc- 
tion. A renewed interest in uni- 
versal slabbing mills developed 
as maximum capacity was de- 
manded from the mills intended 
for the production of slabs for 
strip and plate mills: 

There has been a reversal of 
trends in the selection of the slab- 
bing mills. Until about twenty- 
five years ago most mills intended 
for slab rolling were of the universal type. The disad- 
vantages and short comings of this type of mill as then 
in use led to the development of the high lift, two 
high mill with high screwdown speeds. The demand 
for maximum capacity and also the demand for pro- 
ducing slabs of sufficient width for eliminating or mini- 
mizing cross rolling in the wider strip mills has reversed 
the trend toward mills of the universal type. 

The universal mill of modern design is a mill greatly 
improved over older designs. However, if the ultimate 
in capacity is not required, and slabs no wider than 
about 62 in. are to be produced, the selection of a two 
high, high lift mill should be given most serious con- 
sideration as such a mill has major advantages over the 
universal mill. 


H. J. KALBERKAMP 


“COORDINATION BETWEEN ENGINEERING 
AND OTHER DEPARTMENTS’ 


by J. W. DePOY, Chief Engineer, Pacific Coast Div., The 
Colorado Fuel and Iron Corp., Oakland, Calif. 


A THE day of the “Lone 
Genius” engineer has passed. 
While the engineer must be com- 
petent to solve certain problems 
with equation and _ slide rule, 
many of the problems he must 
solve today are too complex to 
lend themselves to a one man 
solution. 

The assistance of experts as 
departmental employees, outside 
consultants, sales or application 
engineers is available, and it is assumed that the chief 
engineer is well able to coordinate the functioning of 
this technical assistance. The coordination of engineer- 
ing with other departments and with outside interests 
is a phase of modern industry that presents difficulties, 
but offers considerable reward when properly handled. 

In the Pacific Coast Division of The Colorado Fuel 
and Iron Corporation, this coordination is the responsi- 
bility of the chief engineer. When a project is under- 
taken, he must see that the diverse needs and view- 
points of all departments concerned are fairly repre- 
sented and adequately considered in the final result. 
This may well include sales, production, accounting, 
management, purchasing, customer, suppliers and 
others. 





J. W. DePOY 
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The coordination of these diverse viewpoints with 
each other, (and in some cases with those laws of nature 
which are the basis of engineering) may at times be 
difficult. Group meetings, individual conferences, dis- 
cussions, investigations and reports may be needed at 
preliminary stages, during development and in the final 
stages of the project. 

These things are time consuming, and may seem over 
elaborate, and even unnecessary at times. The final re- 
sults of a well organized coordination program, how- 
ever, are well worth the effort. The integration of ideas 
contributed by everyone concerned results in a well 
rounded project that cannot be developed without such 
coordination. 


“THE FACILITY ROUND-OUT PROGRAM 
AT COLUMBIA-GENEVA”’ 


by HAROLD G. DEGITZ, Staff Engineer, Columbia-Geneva 
Steel Div., United States Steel Corp., San Francisco, Calif. 


A THIS paper reviews the fa- 
cilities provided at Columbia- 
Geneva Steel Division, United 
States Steel Corp., to increase the 
annual rated ingot producing 
capacity by approximately 1,- 
000,000 tons in the last ten years. 
The paper begins with a discus- 
sion of improvements and addi- 
tions made at Geneva and Pitts- 
burg Works to convert a wartime 
facility to meet the needs of a 


H. G. DEGITZ 


peace time economy. The review follows the expansion 
programs to date, including the present round-out 
program which provides a sizable increase in basic steel 
production as well as additional finishing facilities to 
help meet the demand for more steel products in the 


West. 


“SILICONE LUBRICANTS AND PROTECTIVE 
COATINGS IN THE STEEL INDUSTRY”’ 


PART I—‘‘SILICONE LUBRICANTS” 


by W. H. RAGBORG, Laboratory Supervisor, and W. H. 
BADGER, Development Engineer, Fluids Section, Product 


Development Laboratories, Dow Corning Corp., Midland, 
Mich. 


A SILICONE fluid and grease 
lubricants have found a wide va- 
riety of special applications in 
industry. They are of value where 
oxidation resistance, thermal sta- 
bility, moisture resistance, low 
volatility, and excellent consist- 
ency or viscosity-temperature re- 
lationships are essential lubricant 
requirements. iy 

Because high equipment op- W. H. RAGBORG 
erating temperatures are quite 
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common in the steel industry, sil- 
icones have already solved some 
difficult lubrication problems. 
The unique properties of these 
materials should make them in- 
teresting in still other high tem- 
perature lubricant problems as- 
sociated with the steel industry. 

Development work presently 
under way indicates that silicone 
fluids with much improved load 





W. H. BADGER 
carrving capacity for ferrous metals in sliding contact 
can be made. Increases in high temperature stability 
may also be possible. Such improvements should ex 
tend the usefulness of silicone lubricants still further 


PART II—‘SILICONE PROTECTIVE 
COATINGS”’ 


by R. C. HEDLUND, Supervisor, Coatings Laboratory 
Product Development Laboratories, Dow Corning Corp., 
Midland, Mich. 


A SILICONE coatings have found wide use as finishes 
for steel equipment which operate at high tempera 
tures and are exposed to weathering. 

A number of commercial coat 
ings are available for use on 
stacks, mufflers, and manifolds to 
temperatures of 1000 F. Others 
are used as industrial coatings 
and as maintenance finishes 

The physical properties of sili 
cone finishes are similar to or 
ganic coatings but their proper- 
ties are quite different. 





A wide variety of - silicone - 
resins are available to the paint R. C. HEDLUND 
manufacturer for use in protective coatings. This paper 
discusses these various resins and their use in paints 
It also covers surface preparations and the many 
applications where silicone coatings are being used 


successfully as coatings for steel and other surfaces 


“GREATER FLEXIBILITY FOR WIRE 
DRAWING”’ 


by R. C. SUTTLE, Application Engineer, Reliance Electric & 
Engineering Co., Cleveland, Ohio, and MAURICE A. NYE, 
Chief Engineer, The Vaughn Machinery Co., Cuyahoga Falls, 
Ohio. 


A AT the Steel Co. of Canada’s 
new Parkdale Works at Hamil- 
ton, Ont., extremely high finish 
in excess of 4000 fpm 

have been attained on new con- 


speeds 


tinuous rod drawing machines. 
Placed in operation early in 1956, 
these machines incorporate the 
most recent advancements in ma- 
chine design and regulated, elec- 
tronically controlled drive equip- 
ment. This installation, in addi- 
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tion to one in the Pittsburgh area, marks the very latest 
in wire drawing equipment found anywhere in the 
world. 

From the early 1920’s to date, the ferrous wire indus- 
try has seen the speeds of continuous rod drawing ma- 
chines advance from 350 fpm to 
the present day speeds which are 
in excess of 4000 fpm. It has been 
an evolution marked by a con- 
tinuous process of alternately im- 
proving the machine design, the 
electrical drive system, and op- 
erating practices. Each of these 
three areas Was worked on in turn 
until a point was reached, beyond 





which the speed could not be in- 
creased through further effort in 
that particular area. As a limit was reached in one area, 
effort was then switched to one of the other areas until 
its limit was reached, and so on in a constant rotation 
reaching new plateaus of speed each 
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Irom area to area 
time. 

The stages of development of continuous wire and 
rod drawing machines from the earliest to most recent 
types are traced. Details of mechanical design and the 
electrically controlled drive system are also discussed 
in detail, with particular emphasis on the actual instal- 
lation at Steel Co. of Canada. 


“METHODS OF CONTROL OF STRIP 
THICKNESS ON HOT STRIP FINISHING 
MILLS”’ 


by R. A. PHILLIPS, Control Systems, Analytical Engineering 
Section, General Electric Co., Schenectady, N. Y. 


A THIS paper relates to 
methods for closer control of strip 
thickness on tandem hot strip 
electrical 
means. It relates more specifi- 
cally to the application of theory 
in the selection of suitable means. 
Such approach is desirable be- 
cause of the many means to be 


finishing trains by 


considered and the high cost of 





testing and using pilot equip- 
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ment. To our knowledge no auto- 

matic gage control system is presently in operation and 
this paper may assist in shortening the time required 
to produce improved thickness control. 

The various causes of the deviation in the finished 
strip and present manual means of minimizing these 
deviations are reviewed. An explanation of theoretical 
mill behavior is used to account for present practices. 
This leads to a discussion of various methods of reduc- 
ing strip thickness variation. 

Charts are presented showing traces of the more im- 
portant variables under transient and steady state con- 
ditions using several closed-loop regulating systems. 
The use of theory and analog computer techniques 
makes possible the selection of the most promising sys- 
tems from among the several possibilities. 

A prediction of the sequence of steps likely to be 
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taken toward obtaining closer gage control is made and 
discussed. 


“STEEL MILL SYSTEM STUDIES” 


by D. DALASTA, General Engineer, and F. NOLAN, Appli- 
cation Engineer, Switchgear Department, Allis-Chalmers 
Manufacturing Co., Milwaukee, Wis. 


A THE equipment which an 
electrical engineer operates and 
maintains in a steel mill has been 
acquired by inheritance, consoli- 
dation, integration, white sales, or 
studied planned purchases. 
Whichever of these methods has 
been employed in the obtaining 
of the equipment, it is likely that 
some of it is factory new and 
some of it may be iron-old and 
insulation-aged. Fundamentally, 
two considerations affect and condition the operation of 
electrical equipment. These are, first what happens to 
the equipment internally, and second what happens to 
the equipment externally. 

Internally, oil may carbonize and its insulation value 
deteriorate, insulation may age and_ its dielectric 
strength lessen, current carrying 
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contacts may wear and erode and 
their performance fall off. 

Externally, the performance of 
the circuit breakers and other 
equipment comprising the dis- 
tribution system may be affected 
by increased connected genera- 
tion added either by the power 
company or by installation in the 
steel mill, increased generation 
acquired by connection to tie 
lines, addition of large synchronous motors, the in- 
stallation of synchronous convertors and /or large banks 
of capacitors and the application of faster relaying and 
consequently more severe duty cycles. 

If the plant distribution system is a simple radial one, 
the momentary currents, the short circuit currents and 
similar problems can be readily solved whether the plant 
be large or small. 


F. NOLAN 


[n the solution of these problems the basic considera- 
tion is that the synchronous rotating machines whether 
they be generators or motors occasion the short circuit 
currents which are limited only by the total impedance 
of this system. To obtain a mathematical answer to 
how large the short circuit current or how high the 
momentary current the various characteristics of the 
system must be put on a common mathematical base. 

The proper application of computers can take over 
much of the tedious and repetitious work involved in 
clerical and engineering chores. A network analyzer ap- 
plied to the study of distribution systems can do this. 
It eliminates many hundreds of hours of slide rule work 
where it is properly applied. 

There are less than 50 of these a-c network analyzers 
available in the western world. Many of their features 
are the results of suggestions by their users, most of 
whom, up to this time have been utility engineers. 
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Steel mill engineers have become interested in these 
tools as their plant systems and their problems became 
more complex. 

Our company has available to its use two boards, one 
at Illinois Institute of Technology and the other at the 
University of Wisconsin at Madison. On these we have 
solved various customer’s problems ranging from short 
circuit studies to transient stability investigations. 

In preparing a system for representation on a calcula- 
tor, attention must be given to fitting the actual circuit 
characteristics to the ranges available to the board. 
Doing this requires a knowledge of both the system to 
be studied and the limitations and possibilities inherent 
in the calculator. The steel mill engineer, except in 
unique instances, cannot be expected to be a specialist 
on the network analyzer. However, the boards avail- 
able to him all have specialists who can translate his 
problems into terms which the analyzer can handle. 
Incidentally, this programming is perhaps the leading 
problem in the successful application of the digital com- 
puter to industries’ problems also. The steel mill engi- 
neer, having an intimate knowledge of his mill, should 
definitely assist in these studies and attend them. 
Without him, they are often fruitless. It is the intent of 
this paper to discuss to a small extent the possibilities 
inherent in the d-c board versus the larger a-c boards 
which are the prime subject of the paper. 

An actual example of a short circuit study on a cus- 
tomer’s system is given wherein we have determined the 
interrupting and momentary currents at several points. 

Probably the paramount reason and the reason why 
steel mill engineers will have continuing recourse to cal- 
culating boards in their future work is the invaluable 
aid that can be given to them on system design prob- 
lems. Herein, lies the greatest opportunity for future 


effective work. One does not have to install the gene- 
rator or the transformer or the transmission line and 
then investigate what effect it has had in his system. 
He can study these at any combination of equipment 
installations on the board in a matter of a few hours. 
Future planning groups of larger steel companies are 
fully aware of this and are making annual studies of 
their systems, and install changes and plan changes in 
this manner. 


“THE APPLICATION OF STATIC SWITCH- 
ING TO THE STEEL INDUSTRY’”’ 


by D. LAWRENCE PIERCE, Assistant Manager Control Dept., 
Motor & Control Div., Westinghouse Electric Corp., Buffalo, 
N. Y. 


A THE paper covers a brief de- 
scription of what static switching 
is and the forms in which it is 
most available. The rudiments 
of how it works is covered and a 
comparison is shown of the essen- 
tial differences between static 
switching and conventional relay 
switching. 

What static switching can do 
and where it is most applicable 
is discussed. Examples of appli- 
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cations in steel and other industries are shown. Present 
schematic diagrams practice and wiring drawing prac- 
tice are illustrated. 

Samples of devices and an operating display sample 
are shown. 
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.... the best way to protect ideas of company inventors is to utilize 


the patent laws .... it is also desirable to have close cooperation 


among the patent, engineering, production, and advertising depart- 


ments .... 


How to protect your ideas 


By JOHN S. LIEB, Patent Counsel, Allis-Chalmers Manufacturing Co., Milwaukee, Wis. 


A ENGINEERS have as many, if not more, ideas than 
young men in springtime. How to protect certain of 
those ideas which relate to mechanical, electrical and 
chemical fields is the subject of this article. 

The history of the evolution of such ideas is a lot older 
than the history of protecting them. In fact the notion 
that an idea could have the exclusive qualities of per- 
sonal property, was a long time coming. The delay may 
have been due to the low repute in which manufactur- 
ing was held in earlier civilizations, since much of it 
was done by slaves. Civilization has a history of 6000 to 
8000 years, but the germinal idea of a property right in 
an idea emerged only about 500 years ago. 

It started apparently in Italy with the sovereign 
giving a special license, or privilege, to certain citizens 
to practice a trade or useful art exclusively. The license 
was written in the form of an open letter addressed to 
the public. Since Latin was the universal language of 
educated men, these early letters were usually written 
in Latin and referred to as “literae patentes’’ which 
meant “open letters.’’ The anglicized form of this ex- 
pression, “letters patent,’ is still in use after 500 years 
except that the public has shortened the expression to 
“patent.” 

The early licenses granted in Italy were generally for 
pure monopolies, that is, no inventions were connected 
with them. However, now and then a patent was given 
to protect an innovation. One of the earliest known Ital- 
ian patents for invention was granted in Florence about 
70 years before Columbus discovered America. The 
inventor was a jack of all trades, being at times a gold- 
smith, watchmaker, shipping contractor, and a seller 
of building materials. His fame in patent circles, how- 
ever, rests upon the fact that he patented a ship, and 
that his patent is one of the earliest known patents, the 
manuscript of which is still in existence in the Italian 
State Archives. 

Some of the features of this early patent are worth 
reviewing: The claim of utility for a new invention; the 
refusal of the inventor to disclose his invention with- 
out just protection, in order, as he said, “that the fruit 
of his genius and skill may not be reaped by another 
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without his will and consent’; his further justification 
for the patent grant that he might, in his language, 
“be animated more fervently to even higher pursuits 
and stimulated to more subtle investigations”; the 
patent’s short term of three years; and the monopolistic 
right of excluding all others from using other new means 
of river transportation. 

It would be agreeable to say that the inventor made 
a lot of money out of his invention, but he did not. 
His tax returns reveal that in the period following the 
launching of his patented boat he took a loss. As a mat- 
ter of fact, the patented boat sank after a few trips with 
a load of marble aboard and the inventor had to pay 
for the lost marble. 

In the year 1474, Venice passed what may have been 
the first patent law passed by any sovereignty. 

The subject matter for which Venice granted patents 
gives us an accurate picture of the times. Between the 
years 1475 and 1550 patents were granted covering 
flour mills, paper mills, hoisting machines, saw mills, 
windmills, water mills, a method of excavating, a proc- 
ess for making bricks, a method of drilling wells, 
methods of carding cloth, powder mills, furnaces, 
stoves, bridge structures, glass working, a device for 
preventing chimneys from smoking, and even perpetual 
motion machines. 

Since the Venetians traded widely it was to be ex- 
pected that the idea of rewarding inventors with pat- 
ents for inventions would be carried to other countries. 
England probably obtained the idea from Italy, be- 
cause Italian immigrants were among the first to apply 
in England for patent protection. 

Thus, by the early 1600’s in England, a patent sys- 
tem was firmly established in which inventors were 
given the right to exclude others from practicing their 
inventions for a period of 14 years, which in those days 
was twice the seven year term of an apprentice. 

The early American colonists were familiar with the 
British law and to some extent the colonies granted 
patents in form similar to the early British patents. 

When the Constitutional Convention met in Phila- 
delphia in 1787, it appeared that the delegates were not 
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unfamiliar with the British and Colonial patent sys- 
tems because they adopted without debate the present 
clause in the Constitution which is the basis for the 
U. S. patent system. The Constitutional clause reads 
“Congress shall have the power to promote the progress 
of science and useful arts, by securing for limited times 
to authors and inventors the exclusive right to their 
respective writings and discoveries.”’ This clause is the 
authority on which our present patent laws rest. 

After the Constitution had been adopted, Congress 
passed the Patent Act of 1790. From 1793 until 1836 
the United States had what is known as an invention 
registration system. There was no examination of 
patent applications for novelty, usefulness, invention, 
etc., as there is today. The inventor simply registered 
his invention and received a patent. In 1836 the patent 
laws were revised and an examination system intro- 
duced. The examination requirement has continued 
uninterruptedly to this day. The invention is examined 
to see if it is new, useful and unobvious. 

The patent laws offer one way to protect an inven- 
tion. There are others. An independent inventor having 
an idea which he wants to protect, say for a new plastic 
composition, may not wish to use the patent laws. An 
alternate way to protect his idea would be to keep it 
secret. But suppose he needs to raise money in order 
to manufacture the plastic. He approaches a prospec- 
tive investor who wants to know what the plastic com- 
position is before he will subscribe a nickel to the proj- 
ect. “I will tell you,” says the inventor, “‘but I want 
you to keep the information in confidence.” 

“Nothing doing,”’ the investor says. “I do not want 
to assume that liability.”’ 

The inventor, unwilling to disclose his idea on any 
other basis, reluctantly looks for another backer. After 
a number of refusals he finds one who agrees to keep in 
confidence his formula for the new plastic composition. 
The inventor then tells his backer what the idea is, 
feeling perfectly safe that if his backer breaches the 
confidence the inventor will have a legal remedy against 
him. But what the inventor may have overlooked is 
that someone unconnected either with him, the in- 
ventor, or his backer may learn of the invention by fair 
means, in which case that someone is free to practice it. 

Let us take a particular case. The inventor proceeds 
to manufacture and sell his plastic. A competitor buys 
the plastic on the open market, fairly analyzes it, and 
them makes and sells the same product. Under these 
circumstances the inventor cannot legally prevent the 
competitor from manufacturing his plastic. 

Moreover, to the inventor’s dismay, he discovers 
that his competitor is underselling him on his own prod- 
uct, and when the inventor cuts his price to meet his 
competitor’s, his profit has evaporated. How does the 
competitor do it? It is very simple. 

In order to develop the plastic the inventor perhaps 
had to spend $100,000. On the other hand the competi- 
tor did not spend anywhere near this amount to copy 
the inventor’s product. The competitor in this case 
capitalizes on the inventor’s development money. This 
is not an unusual situation, it has happened many times. 

Now suppose instead of relying on secrecy to protect 
his idea, our inventor had decided to rely on the 
patent laws. How would he have proceeded? 
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The first step in protecting an idea under our patent 
laws is to consult a competent patent lawyer. He will 
generally recommend that a novelty search be made to 
see if your idea is patentably new. There is no sense in 
spending money for a patent application and then dis- 
covering that John Doe obtained a patent on the same 
thing 20 years before. The cost of a search is generally 
much less than the cost of a patent application. 

A search is made and it reveals that your idea is prob- 
ably new. I say probably new because the search is 
usually limited to the collection of U.S. patents in the 
Patent Office, or to similar collections, and it is not 
usually extended to include all foreign technical publi- 
cations and patents. If it were, the expense would be 
enormous. 

On the basis of this search the attorney recommends 
filing a patent application. Now a patent application 
has been described by our Supreme Court as one of the 
most difficult of legal documents to draft. If it is well 
written it can make a good invention that is much more 
valuable. If it is poorly written it can destroy the value 
of the best invention. It therefore pays to exercise care- 
ful selection in choosing a competent patent lawyer to 
represent you. 

The patent application is filed and eventually you get 
your patent. Now you have something concrete to 
show prospective investors or sell to some company. 
You have a legal document which allows you to exclude 
anyone else from making, using or selling your patented 
product, or it could be a machine or process, for 17 
Anyone you approach can submit a copy of 
your patent to his own patent lawyer, and to his own 
engineers, and get an opinion of how good the invention 
is and how good the patent is. 


years. 


If the invention is commercially good and the patent 
is well drawn, you may have something salable; but 
do not get grandiose ideas of how much the patent is 
worth. It takes more than just an invention and a patent 
to sell a product. Among other things, there is always 
sales resistance to be overcome. 

So far, we have been talking about the invention of 
an independent inventor, but we can just as well talk 
about an invention made by a corporate employe, for 
example, an engineer, who, as a condition of his em- 
ployment, has agreed to assign his inventions to his cor- 
porate employer. 

The corporation, if it is a large one, will usually have 
patent house counsel on the payroll, who performs for 
the company the same functions as the independent 
patent lawyer does for the independent inventor or 
smaller corporation. 

The corporate inventor in many cases has an advan- 
tage over an independent inventor. He is likely to be 
more familiar with the products his company makes, 
know the market better, and is more often exposed to 
problems relating to the products. It is axiomatic that 
inventions are usually made in response to a problem or 
challenge. For that reason patents of corporate inven- 
tors are often more closely related to what can, and 
will be sold, than patents on inventions made by inde- 
pendent inventors. Like any generalization, this is, of 
course more true in some industries than in others. 
But in the majority of cases the patent of a corporate 
inventor may afford his company better protection 
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than a patent of an independent inventor in the same 
area. 

This difference between the value of patents is often 
confusing to the independent inventor who cannot un- 
derstand why a manufacturing company which takes 
out patents is not interested in buying his patent, or if 
interested, will not meet the price he is asking for his 
patent. Often, an independent inventor will persist in 
pricing his patent above what his invention is worth, 
and then when his offer is refused, he feels outraged. 

As an example of this, take the following case. We 
were about to go into production on an attachment for 
a tractor. The attachment had a part which represented 
& minor improvement. Our advertising people released 
advanced copy illustrating the attachment. An out- 
sider saw the ad and promptly informed us that the at- 
tachment would infringe a patent he expected to soon 
obtain. When the patent was issued we found that the at- 
tachment, tf produced as illustrated in the ad, would 
infringe a claim of his patent. Under these circumstances 
we informed him that we would be interested in taking 
a license at a reasonable royalty rather than go the ex- 
pense of changing our design. 

The improved part, by the way, represented an added 
cost of about 25¢ per attachment. However, the patent 
owner would consider nothing less than a royalty pay- 
ment of 50¢ per attachment. Since the economics of 
the situation could not justify a 50¢ charge to the con- 
sumer on an improvement that costs 25¢ we redesigned 
the attachment to clearly avoid the patent, and then 
went into production. The patent owner threatened to 
sue us, but after consulting several attorneys, he be- 
came convinced that he had no basis for suit, because 
we were not infringing his patent. 

A company buys a patent outright or acquires a 
license from an outside inventor for the following rea- 
sons: 

|. The company is either making, or plans to make 
a product which infringes the patent, and the cost of 
redesign is greater than the cost of the patent, or royal- 
ties under a license; or 

2. The inventor has developed a working model, 
which clearly demonstrates the commercial possibilities 
of the patented product. 

When it comes to patenting an invention, however, 
the independent inventor is frequently reluctant to 
pay attorney fees for getting a patent, unless he has 
some assurance that he will be able to profit from the 
patent. This is understandable since the cost of a good 
strong patent may run into the thousands of dollars. 
The result is that more unpatented ideas than patented 
ones are submitted to companies by outside inventors. 

The submittal of an unpatented idea to a company 
creates a hazard to the company that its engineers do 
not always recognize. In fact, the situation I am about 
to discuss is another important but often neglected as- 
pect of protecting an idea. 


Let us consider the following case. An engineer, 
employed in a department of a large company, has on 
his drafting board a design, completed over a three- 
year development period, for a new product which 
represents a patentable improvement over the old 
product. That same day an outside inventor submits 
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to the company a disclosure of an idea for substantially 
the same improvement in a way which appears to 
create a submission of the idea to the company in con- 
fidence, or on an implied promise to pay for the idea. 
Since the company has developed its own idea, the out- 
side inventor is told the company is not interested in 
his idea. The following year the company puts on sale 
the product embodying the design which it had on the 
drafting board. The outside inventor sees it and sues 
the company for appropriating his design. The com- 
pany may be hard put, despite its innocence, to prove 
that it came by the design honestly and did not appro- 
priate it from the outside inventor. The law is very 
solicitous about the rights of persons who put some- 
thing of value into the hands of a trustee. A company 
who accepts an unpatented idea from an outsider, un- 
der circumstances which amount to an acceptance in 
confidence, or an implied promise to pay for the idea, 
is in the position of a trustee for that idea and may not 
profit from it without accounting to the submitter. 

The legal departments of companies are well aware 
of the problem, but their engineers and other employes 
are not always so well informed. For this reason, many 
companies have adopted a policy of refusing to accept 
for consideration any ideas submitted in confidence or 
under an implied promise to pay for the idea, apart 
from a contract between the parties, and they require 
as a condition for considering the idea, that the sub- 
mitter agree before hand, that the only liability that 
the company has to him, is for patent infringement, if 
and when he gets a patent. 

But even with these precautions, situations can still 
develop. 

One day our shops informed us that a gentlemen had 
submitted to them a batch of renovated files. The com- 
pany uses a lot of files, so the shops were interested. 
They tried the files out and found them at least equal 
to new files. The submitter would not disclose his ren- 
ovating process unless the company promised to pay 
him $1000 for a nonexclusive license. We had the gentle- 
man come to our office and we talked with him. We 
told him that we could not agree to give him a thousand 
dollars for a process unless we knew what the process 
was. He, on the other hand, refused to disclose the proc- 
ess unless we paid him first. The result was a stalemate 
and he left. 

A few months later our shops again informed us that 
the same gentleman had left another bunch of renovated 
files with them and that this second batch of files was 
at least equal to new files. However, this time the 
gentleman proposed giving our company a free license 
if we would give him a letter stating that the files left 
by him had been tried by us and found to be fully equal 
to new files. After some deliberation, we agreed to give 
him such a letter and in return we received a disclosure 
of the process and a free license. Our shops tried the proc- 
ess out, but could not get it to work and later we 
found a patent, which although about to expire, covered 
the same process. Since the process had turned out to 
be impractical, we chalked the matter up to experience 
and forgot about it. 

Some months later two gentlemen from St. Louis 
came to see us wanting to know what we knew about 
this file renovating process. They also wanted to 
know if we had a license, and if so, on what terms. It 
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developed that they had bought rights in this file ren- 
ovating process without knowing what the process 
was, for $65,000, of which they had paid $20,000 cash 
on account. They admitted to having been influenced 
somewhat by testimonials of some companies as to how 
good the renovated files were. They also told us, that 
they had been dismayed to find out, that a lot of com- 
panies had received free licenses in return for testi- 
monials. We told them about our experience, and they 
left our office sadder but wiser men. 

So far, some of the general ways to protect your 
ideas has been discussed. Now, we would like to be more 
specific. The patent laws set up certain conditions which 
an inventor must meet if he is to get a valid patent. 
Some of these are: 

The invention must not have been known or used 
by others in the United States before the inventor 
made his invention. In other words, he must be the 
first inventor. 

The invention must not have been patented or de- 
scribed in a printed publication, either in the United 
States or in any foreign country, before the date he 
made his invention, or more than one year before the 
filing date of his patent application in the United 
States. 

Thus, if some magazine, either in the United States 
or abroad, carries an article or an advertisement de- 
scribing your invention, you must file your patent ap- 
plication within one year of the date on which that 
issue of the magazine gets into the public’s hands. A 
single copy of a typewritten thesis on a college library 
shelf has been held to be a publication that would bar 
a valid patent. 

The invention must not have been in public use or 
on sale in the United States for more than one year be- 
fore the filing date of the patent application in the 
United States. An invention can be in public use legally 
without the use being very public. 

Since valuable invention rights can be lost through 
public use, or publication, occurring more than one 
year before a patent application is filed, it is important 
to keep close watch on public use and publication. In 
many companies, advertising copy is usually first 
cleared through the patent department so as to keep 
its attorneys informed about its publications. Likewise, 
information regarding first shipments of new products 
is sent to the patent department. In this way patent 
counsel can make sure that any patent application that 
is going to be filed in the United States is filed within 
one year of the date of first publication, or of the first 
public use of the invention. 

If the invention is important enough for the com- 
pany to file patent applications abroad, say in countries 
like Sweden and France, then the patent department 
will hold up publication approval of advertising copy 
and the like until the U. S. case is filed, or until the 
foreign patent applications are filed, if no U. S. case 
is filed. Publication approval must be refused or the 
company will lose its invention rights in those coun- 
tries, because Sweden and France bar a valid patent 
if there has been publication anywhere or public use 
anywhere before the filing date of a patent application 
in a convention country. The convention, referred to, 
is an international treaty arrangement to iron out cer- 
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tain differences ordinarily existing between the patent 
laws of different countries. 

What happens when the patent department of a 
company is not properly informed is illustrated by the 
following case. We happened to see a service bulletin 
release for correcting excessive oil consumption in en- 
gines then in the field. This release had apparently been 
issued almost a year earlier and we were barely able to 
file a patent application within the one year grace 
period permitted in the United States. After we had 
obtained our patent we would have liked to license 
other manufacturers under it, but we then discovered 
we could not do so because one of our competitors had 
somehow learned of the improvement and had put it 
into engines made and sold a little more than one year 
before the filing date of our patent application. This 
public use made our patent invalid. Thus, while our 
company may have obtained some prestige by pioneer- 
ing this improvement, it lost possible royalty benefits. 

Aside from publications and public use there are 
other things which must be attended to if invention 
rights are to be preserved. 

Legal invention is a two-step affair. 

The first step is conceiving a means of getting a re- 
sult. Thus, if you had wanted to put marks on paper 
before pencils had been invented, you might have con- 
ceived of a means, i.e., a graphite stick surrounded by 
a wood shell, namely, a pencil, for making such marks. 

The second step is actually reducing your idea to 
practice: in this example, actually building a first 
pencil. 

Stated broadly, the second step of actual reduc- 
tion to practice means: (1) incorporating the idea 
in a device, and (2) the successful operation of that de- 
vice under normal or usual conditions. Reduction to 
practice is most important, because the courts hold 
that an invention is not complete if it has not been re- 
duced to practice. However, the patent laws do pro- 
vide a way which permits reduction to practice without 
actually building a device. The law considers that the 
filing of a patent application is a satisfactory sub- 
stitute for actual reduction to practice. Lawyers refer 
to this substitute as a constructive reduction to prac- 
tice. 

The safest way, therefore, to protect an invention is 
to comply with the patent laws by vigorously reducing 
your idea to practice as soon as practicable after its 
conception, either by embodying your idea in a work- 
able machine or developing the idea sufficiently to file 
a patent application. In case the working model is 
built first, a patent application should be filed reason- 
ably soon afterwards. 

It is important that you do this because others may 
be working toward the same solution. As between two 
persons who have made the same invention, only the 
first to conceive the invention has the right to a patent 
provided he has either reduced to practice first or was 
diligently working toward that end when the other 
person entered the field. 

It is well to keep in mind that patents are only 
granted for a means of getting a result. They are not 
granted for bare ideas, or for results. As an example of a 
bare unpatentable idea, take the following letter which 
was sent to our company. To preserve the submitter’s 
anonymity we shall call him Smith: 
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Gentlemen: 

I am writing to you because your company might be in- 
terested in my very simple new type, machine piston that 
depends upon new basic energy forms in power factor ad- 
vantages, involving both solid and fluid mechanics rela- 
extrinsic energy” 


“ee 


tive to molecular valence in terms of 
in the form of non-coordinated force, as energy input, and 
“intrinsic energy’ of coordinated pressure, as energy out- 
pul, hereafter known as the Smith Hydro Extrinsic- 
Intrinsic Power Generating Unit 


COMMERCIAL ADVANTAGES 
The Smith Hydro Extrinsic-Intrinsic Energy Power 
Generating Unit will electrify an eight room house com- 
plete with light, heat, cooking and all motor power under 
peak load output conditions, and at an operating expense 
of less than one dollar per month, since it depends for its 
fuel on plain drinking water. 


At first reading, Smith’s idea sounds wonderful, but 
unfortunately Smith does not disclose any means for 
getting the result he talks about. Smith’s concept, un- 
less reduced to a specific arrangement of parts in a 
machine, or specific steps in a process, cannot be 
patented. The disclosure in its present form is therefore 
of no value. [t is merely a bare idea. 

As another example of what is meant by a bare idea, 
take the case of the telegraph patent of Samuel Morse. 
This patent had one claim, among others, which in 
effect read—I claim the motive power of an electric 
current for printing intelligible characters at a distance. 

The Supreme Court rejected this claim because it 
merely described a result to be attained and did not de- 
scribe any combination of elements for reaching that 
result. 

The remaining claims in the Morse telegraph patent 
were the proper subject matter for a patent because 
they did describe a combination of mechanical and elec- 
trical elements which could convey telegraph signals 
over a distance. 

The lesson to be derived here is this. When one has 
a bare idea, think out at least one means or method of 
accomplishing the desired result. Write this down 
promptly, illustrating it, if necessary, with sketches. 
Make sure the description is in terms which anyone 
skilled in that particular art can understand. Sign each 
of your papers, date each of your papers, then have 
someone witness them, who has read what you have 
written down, and understands how your idea operates. 
If your proposed witness cannot understand your idea, 
do not use him. Find a witness who does understand it. 
The witness or witnesses should sign and date each of 
your papers. Do not play fast and loose with these dates. 
Put down the date on which the signatures were actually 
placed on the paper. Avoid erasures unless the correc- 
tions are initialled by both you and the witness and 
also dated. Do not place any further sketches or writing 
on the papers once they have been signed and dated. 

Your disclosure does not have to be in any prescribed 
legal form. Nor does it have to be placed in a self- 
addressed envelope and mailed to you. The important 
thing to remember is that you are writing a description, 
which should enable anyone skilled in the same field of 
endeavor, to practice your invention. In case there is 
more than one inventor, each inventor should sign and 
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date the papers. Any other material having to do with 
the invention, such as letters, purchase orders, shop 
work orders, and engineering drawings should be care- 
fully preserved. All this material should be signed and 
dated wherever possible. 

The reason for all this formality is to establish and 
preserve evidence of your inventive act. What you 
want is proof of the conception of your idea and proof 
of the date when you first conceived it. Such evidence 
may mean the difference between retaining and losing 
important invention rights, if a contest develops at a 
later date over who is the first inventor. 

It is well to keep in mind that any technical problem 
offers a challenge to ingenuity, so there will always be 
a number of persons responding to the challenge. It is 
not uncommon for more than one person in widely 
spaced geographical areas to independently arrive at 
similar solutions around the same time. The history of 
invention is full of such cases. 

Newton and Leibnitz’ independent discovery of the 
calculus is a famous example. 

Another equally famous is the invention of the radio 
feedback circuit, an invention independently made by 
Armstrong and DeForrest. Although the Supreme 
Court ultimately decided in favor of DeForrest, the 
American Institute of Electrical Engineers insisted 
that Armstrong keep the medal they had awarded him 
for this invention. And to this day, each inventor has 
his supporters, who are firmly convinced that their 
man was the first inventor. 

DeForrest won that case because he was able to pro- 
duce in evidence notebook entries made by his assistant 
showing exactly what DeForrest had invented and 
when. There never was any dispute during the trial as 
to the authenticity of the notebook entries. 

This case is a good argument for making written, 
witnessed and dated disclosures of inventions, since 
such disclosures are the best evidence of invention. 

This paper will close with a brief mention of a last, 
but by no means unimportant, aspect of protection. 
In our company we call it “‘patent clearance.” 

Patent clearance is a careful study of other people’s 
patents to find out whether a proposed new or improved 
product will infringe such patents. 

This study should be made before a design is finalized 
and tooling commitments made. If the clearance ques- 
tion is considered early, considerable money may be 
saved should a redesign be necessary. Once a product is 
on the market it may be very expensive to redesign or 
obtain a license. 

Furthermore, infringement of someone else’s patent 
is a matter of fact, and not intent. The fact that you 
do not intend to infringe will not save you, if you do 
infringe. The situation is very much like selling beer to 
a minor. The fact that you did not know he was a 
minor will not relieve you of the violation. 

Resolving infringement conflicts can cost a lot of 
money and may put your company at a disadvantage 
competitively. Consequently, no manufacturing opera- 
tion should ever be started without having made a 
study of others’ patents. 

However, the best laid plans of mice and men have a 
habit of going awry. One day, one of our attorneys was 
looking over a new parts book. One of the illustrations 
reminded him of a patent he had seen. A prompt search 
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on his part turned up the patent. A competitor owned 
it and had licensed the industry on the basis of $1.50 
per machine for the first 4000 machines produced in 
any one year, and 50¢ for each additional machine 
produced in the same year. The attorney got busy, 
made an intensive search, and was lucky enough to 
find an earlier patent which dominated the one in 
question. We were able to purchase it outright for 
$4000, and, as a result of owning this patent, we were 
able to obtain a royalty-free, cross license from our 
competitor, as well as licensing the rest of the industry 
on a basis which offset our purchase price. 

Summing up, the best way to protect ideas of com- 
pany inventors is by utilizing the patent laws and by 
having close cooperation between patent, engineering, 
production and advertising departments. 

Some of the advantages which a patent offers are: 

|. It prevents competitors from taking a free ride on 
your research and development money. 

2. It permits your selling price to be competitive be- 
cause it is not loaded with unnecessary redesign costs 
or unnecessary royalty payments. 

3. It avoids unnecessary delays in launching a new or 
improved product, delays brought on by patent con- 
flicts. 
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Charles Ross: First, are there any general rules that 
you follow in arriving at the amount to be paid under 
a licensing agreement? Secondly, you mentioned the 
protection of having an outside inventor sign a release. 
How do you protect yourself when he writes a letter 
rather than coming in, in person? 

John S. Lieb: I will answer the questions in the order 
in which you propounded them. There is no rule of 


thumb to tell you how much an invention is worth or 
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1. It provides for patents on important developments 
which establish the company’s prestige since a patented 
product is exclusive. 

5. It enhances salability by removing the fear that 
the product may infringe. 

6. It creates good will among engineers by giving the 
inventor public recognition for his brain child. 

7. It stimulates further patentable inventions 
within the company. It also stimulates your competitor 
to think of other ideas but that is a risk you will have 
to take along with the advantages. 
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how you should pay for it. There are various ways of 
buying them. You can purchase them for an outright 
sum; you can purchase a license under them on a roy- 
alty basis, say with a paid-up license after you have 
manufactured a certain number of units, or you can 
have various combinations of lump sum plus royalty 
and the like. 

What may fix the worth is what the profit margin of 
the product will be, the percentage. Supposing your 
margin of profit, say, is twenty per cent, which would be 
a very good one in the general machinery industry. 

How much of that profit is the invention entitled to? 
It is a question of negotiation. You probably would not 
want to pay out more than twenty-five per cent of that 
profit for the use of an invention, and a very major 
consideration is how much of the final product does this 
invention cover. 

For example, on a tractor, a man might have an in- 
vention on the transmission or on a piston head for the 
engine. Well, actually that represents a small part of 
the tractor. 

With such an invention you are not going to pay 
twenty-five per cent of the profit on the tractor. You 
will pay on the basis of the price of the piston, and I 
would say on a percentage basis, that a general ma- 
chinery item can probably stand at most a five per cent 
royalty, but it will vary anywhere from a fraction of a 
per cent to five per cent depending on the invention. 

Now to answer the second question you asked me 
what happens if the outside inventor writes in. No one 
can stop vou from opening your mail, but [ would recom- 
mend that you at least have some sort of procedure 
in your company whereby the mail is funnelled through 
one place, and that you follow that procedure rather 
uniformly with each letter that comes in to you. 

For example, you could have those letters go to the 
patent department or to some committee. You might 
have some one person who would get each letter and read 
it and he would return it to the submitter with a polite 
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letter informing the submitter what the company’s 
policy is, that it is not the policy of the company to 
consider these ideas without having a written release, 
and you can enclose with your letter this release form 
that you ask him to sign. You ean tell him that he can 
send the signed release back to you, and you will then 
consider his idea. Your letter should be tactfully written 
because the man may be a potential customer of the 
company’s. 

For example, in the case of the car manufacturer, 
you do not want to lose the sale of an automobile to 
this man, if possible, so that the letter should be very 
carefully phrased, setting out briefly why you do this, 
that it is for the company’s protection and that you 
will be glad to consider his idea if he will go along with 
your policy, and 99 times out of 100, the man will send 
back his idea with that signed form. About one per 
cent will not, and if he refuses to do it, that I would 
under no circumstances consider that idea. If he sends 
it back, immediately return it. 

If you can prove that it is a well-established policy, 
I do not think you will ever get into trouble. Where you 
get into trouble is having the letter go to the engineering 
department and sit around on somebody’s desk for a 
couple of months before it is answered and then you 
can never prove how many people read it or who had 
access to it, and whether the idea was actually derived 
from this letter or not, presupposing that it is an idea 
along the lines that you are working on. 

Irving Rozian: I have two questions, one a little more 
important than the other. In looking at patents in the 
steel industry, I think one great problem that comes 
up is the slow rate of technological change in the in- 
dustry. 

Very often, with a patent life of seventeen years after 
issue, a process has not reached its maximum economic 
importance in the industry until the end of the patent 
period or afterwards. 

Is there any legal procedure by which you can delib- 
erately delay issue in order to protect something, 
until it becomes of economic significance? 

John S. Lieb: There is no actual way you can delay 
issue of a patent ethically. Let me put it this way: 
Many years ago, delaying issue of a patent may have 
been possible. The patent office procedure today is such 
that an applicant cannot usually delay the issue of a 
patent beyond minor extensions of time provided by 
the patent office rules. 

The way the procedure works in the patent office is 
this. You file a patent application. The office now is 
running about a year to a vear and a half behind in ex- 
amining patent applications. So you get a letter back 
from them normally within a year to a year and a half. 
There are exceptions to that, but normally, you will not 
get an answer for at least a year. 

Once you get a letter from the patent office and the 
office cites the prior art they found when they ex- 
amined your case, you have six months within which 
to answer, and it is perfectly legal for you to wait five 
months if you want to. 

As a matter of fact, in a patent department or a law 
firm, there are always so many matters to be handled 
that you do not often get around to answering that 
letter for five months. In other words, you are forced 
to answer it because you know if you do not answer it 
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for six months, the application will be abandoned. 
The procrastination there is not as intentional as it 
may look. 

You answer the office action and it may be another 
year before you get another answer, and the examiner 
may agree with your arguments. He may not. He may 
have new arguments for not issuing you a patent. 

You again answer and usually you will either get a 
final rejection on the next office action or you will get 
an allowance, or you will get a mixture of the two. 

A patent application contains a description of the in- 
vention and a number of claims which are appended to 
the end of the application. It is the claims that define 
the invention. 

Take a patent application that has two claims in it. 
The examiner may reject one claim and allow the other. 
If the attorney had one claim allowed and one claim 
finally rejected and he was satisfied, he would pay his 
final fee and the patent would issue with the one claim 
in it. 

Of course, you have the right of appeal. If you do not 
like the examiner’s action in rejecting one claim, you 
have the right of appeal to the board of appeals of the 
patent office, and if the board turns you down and 
you still think you have a case, you have the right to 
appeal further. Generally, appealing is an expensive 
proposition. You take up an attorney’s time in pre- 
paring a brief. He has to go to Washington, if he wants 
to really settle the case, and make an oral argument, 
so you do not generally appeal unless there are good 
reasons for it. 

So that from the time of applying to the time of is- 
sue, an average patent application is pending any- 
where from three to four years. 

An application may stay in the office longer than that 
because it runs into what is called an interference pro- 
ceeding. In other words, there will be two or more ap- 
plications in the office by different inventors, covering 
what appears to be the same invention and the office 
sets up this interference, which is a contest to deter- 
mine who is the first inventor. 

The office may settle the interference as between two 
inventors and then discover there are some other ap- 
plications in the office on the same invention, so that 
you may get additional interference proceedings with 
other parties and the case may stay in there some 
years. It has happened and there is really no way of 
avoiding it if you want all the patent protection you 
are entitled to. 

There is a proposal in Congress now to date a patent 
twenty years from the date of filing the patent ap- 
plication and personally, I think it is a therapeutic 
measure because while it would create a hardship in a 
few cases for a few inventors, it would be better for 
industry all around. The United States and Canada are 
the only two countries in the world that I know of that 
date patents from the date of issue. Most of the others 
date them from the date of filing the patent applica- 
tion. 

If patents were dated from the date of filing, it would 
be in the applicant’s interest to get the patent out 
more rapidly. The patent office, however, is pretty 
careful and does not let you delay the prosecution of 
your patent application, if it can be helped. 

John Boyko: What are the moral and legal obliga- 
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tions of an employe regarding patentable ideas, first, 
covering the products of the company he works for; 
secondly, on ideas outside of the company’s line of 
products? 

What steps does an employer take to protect himself 
covering patentable ideas of his employes? 

John S. Lieb: You have hit on something that is 
very near and dear to the heart of many engineers, and 
there is a lot of feeling on this question; leaving aside 
for a minute any moral obligation, the real obligation, 
if it is to be there, should be spelled out. 

In other words, when the employe goes to work for 
a company, if the company wants to be sure that it ob- 
tains rights on any inventions that he makes while in 
its employ, it should have him sign a contract to that 
effect. 

It does not have to be anything elaborate, merely a 
statement that in return for employment, he will as- 
sign to the company any inventions he makes during 
his period of employment pertaining to the products of 
the company. 

This would be what I would call an equitable ar- 
rangement, because in employing an engineer, I think 
most United States companies—this is not the prac- 
tice in Europe, as I understand it—but most United 
States companies feel that if they are paying the en- 
gineer’s salary, they are buying the ideas that he gets 
while he is working for them. Generally, these con- 
tracts pertain to the products of the company, so that 
if you are home one night and you think that the can 
opener you are using could be improved, and you think 
you have a better one, generally, the company, if it is 
not in the can opener business, is not going to be in- 
terested in your can opener. Our company would prob- 
ably take that view and release the idea if you wanted 
it and wanted to sell it. A buyer of your idea would 
want, to know, ‘“‘Am I buying something that does 
not already belong to some other company.” We might 
give you a letter saying that we released any rights we 
might have in your idea and you were free to exploit it 
as you saw fit. 

On the other hand, supposing you are sitting home 
one night and get a good idea for an electric motor and 
the company you work for is an electric motor manufac- 
turer. If the contract were worded the way I said it 
was, your idea, since it pertains to the business of the 
company belongs to the company; there is nothing in 
your contract that has to do with what hour of the day 
you made the invention, so the company would have 
the rights in that invention. 

Of course, if the contract were worded so that only 
the ideas you got between 8:30 and 5:00 o’clock were 
the company’s, that might be an out, but I do not think 
you will ever find any contract worded that way. 

If there is no agreement at all, and you get this idea 
on company time as a result of the use of company 
tools and materials and so forth, and you were not 
hired to develop the idea, the company has what is 
known as a shop right in your idea. That, is, they are 
free to use it. They can not assign it; but they can use 
it and they do not have to pay you additional pay for it. 

But if there is no agreement between an employe 
and his company and it is clearly proven that the in- 
vention was not made on company time or with com- 
pany materials, the employe is generally the owner of 


iron and Steel Engineer, February, 1957 


the idea unless he was hired for the specific purpose of 
developing the idea. But you get into quite an area of 
argument in a case like that, and the employer gen- 
erally feels that the idea ought to be his and the em- 
ploye feels that it ought to be his and relations are 
strained. 

So it is better off to have a contract in writing when 
you come to work there, setting out exactly what your 
obligations are respecting inventions. 

Mills Tourtellotte: You mentioned something about 
a doctor’s thesis being on a library shelf. That poses a 
question in my mind. Is a thesis patented or is it copy- 
righted? What is the distinction? 

John S. Lieb: I mentioned the typewritten thesis 
because we have a requirement in the law that the in- 
vention must not have been described in a printed 
publication for more than one year before you file a 
patent application. 

So if the idea were disclosed in a typewritten thesis 
and the thesis were on a shelf available to the public 
more than one year before you filed your patent ap- 
plication, you would not be able to obtain a valid pat- 
ent. The patent office may not know of the thesis being 
on the shelf, and they may issue a patent to you, but 
your competitor, if he were confronted with your pat- 
ent and you were challenging him, might do some 
hunting and discover that thesis on the shelf, and then 
it would automatically knock your patent out if he 
could prove the date that it was put on the shelf, and 
in this particular case, where it actually occurred, that 
was done. 

This merely means that if you are going to file on 
an invention that is going into public use or going to be 
published, you have to file within one year from the 
date of the first public use or the date of publication. 

Mills Tourtellotte: What is the distinction between 
a copyright and a patent? Are they different? Is there 
a distinction? 

John S. Lieb: A copyright certificate is granted for 
the writings of an author by the Library of Congress, if 
you register for it. If you do not promptly register 
after publication but have marked your publication 
properly with a copyright notice as spelled out in the 
law, you have a copyright from the time that you pub- 
lish your article with the notice of copyright, but if 
you wish to enforce the copyright, you have to go 
through the further procedure of applying for registra- 
tion, depositing two copies of your publication at the 
Library of Congress and paying a fee. 

Patents are issued by the United States Patent Office, 
following the procedure of filing a written patent ap- 
plication and prosecuting the application to the is- 
suance of the patent. A patent is good for seventeen 
vears from the date of issue. 

A copyright is good for twenty-eight years from the 
date of publication with the copyright notice and may 
be renewed for another twenty-eight. A copyright gives 
you the exclusive right to print, reprint, publish, copy 
and sell the copyrighted material. 

In other words, when you copyright, you are putting 
yourself in a position to prevent somebody from copying 
what you have published. You are not protecting the 
idea that is between the pages of the book. Take, for 
example, a work of fiction. If someone else wants to 
present the plot in some other novel way and with 
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different conversations and different incidents and so 
forth, but using the basic plot, they are not infringing 
your copyright; they are free to do that, but when they 
start copying your exact words or imitating your work 
so that they are substantially reproducing it, they are in 
trouble. 

Walter I. Weed: You mentioned searching patent 
literature. | wondered if you have to go to Washington 
to make a search, and is it necessary to have an at- 
torney make the search? 

John S. Lieb: You do not necessarily have to go to 
Washington to make the search. There are a number of 
private search libraries throughout the country. Most 
large compaines have their own search library for those 
products that they make. 

We have quite a good one in our office at Milwaukee 
for the products we make. However, if you get into an 
area which is outside the products you make, then it is 
generally advisable to have the search made in Wash- 
ington because the patent office has the biggest search 
library in the United States and has the material in it 
classified according to products of function. It is clas- 
sified both ways. In some classes, it may be classified by 
function and in others by product. There are about 300 
major classes of art. 

In other words, there will be a class for steam tur- 
bines, another for jet engines and so forth. The 300 
classes are further broken down into 45,000 sub- 
classes. A searcher who knows where to look can scout 
around the correct sub-class and in a day or less, turn 
up all the prior art that pertains to your idea. You do 
best to have somebody that is at least experienced in 
searching. He does not have to be a lawyer. He can be 
an engineer that knows his way around patents. 
There are plenty of them, and they can make a very 
good search for you, as far as the novelty goes. 

When it comes to an infringement search relative to 
somebody else’s patent, claims have to be read and an- 
alyzed, generally the engineer is not experienced in con- 
struing claim language. Claims are often fifty words, 
one-hundred words, two-hundred words, three-hun- 
dred words long, and it takes a little practice to read 
those intelligently and know what they cover. That is 
where the lawyer collects his fee. 

Kenneth E. Lewis: Supposing you have an idea and 
you are at present using it in your plant and do not 
patent it and someone else comes along and patents the 
idea later on, where do you stand there? 

John S. Lieb: If you are using the idea and you can 
show it is public knowledge, then that public knowl- 
edge can bar the man that comes in later and tries to 
patent it. 

Kenneth E. Lewis: Can he not get a patent on it at 
all? 

John S. Lieb: That is right, but where you lose out 
is where it does not become public knowledge and you 
use it for a while and stop using it and then it is held to 
have been abandoned. That will not block a subse- 
quent inventor, as long as he does not learn about it 
from you; that is, he arrives at it independently. 

Kenneth E. Lewis: Would that not be rather difficult 
to prove, whether or not he learned it from you? 

John S. Lieb: You may think so. There are cases 
both ways. It is hard sometimes to prove that some- 
thing was actually in public use. You may know of what 


156 


a competitor did, and you may know that he did not do 
anything further with it, but still you think he used it 
publicly. And then he gets a patent on it some years 
later. 


You know a little bit about this factual situation and 
if you could prove it was in public use, you can in- 
validate his patent but it is hard to prove that. 

All of these things are a matter of proof and after 
time goes by and people die or move around from job 
to job, it is hard to get all the facts together. 

Kenneth E. Lewis: Do most of the countries in the 
world belong to the International Convention or sub- 
scribe to it? 

John S. Lieb: There are forty-four major countries 
that subscribe to the International Convention. That 
means that if you file a patent application in any one of 
these countries, you have a year within which to file in 
another country and obtain the benefit of the priority 
date on which you filed in the first country, so, for ex- 
ample, if you file a patent application in the United 
States, you have a year within which to file in Great 
Britain and you are entitled to the priority of the date 
on which you filed here. That is known as the conven- 
tion date, and it is a very convenient thing. It is some- 
thing that is used all the time, where the company is 
doing business outside the United States. Russia does 
not belong. 

Kenneth E. Lewis: In other words, when they come 
over and look at our equipment, they can go back and 
use it without infringing any of our patents. 

John S. Lieb: They can pick up any of your ideas 
and copy them. However, even in a country that does 
subscribe to the Convention, if you do not patent in 
that country, you have no right to exclude anyone in 
that country. 

In other words, if we are manufacturing in Great 
Britain and we want to protect this idea in Great 
Britain at the time we are protecting it here in the 
United States, we would have to file a patent applica- 
tion in Great Britain and proceed in conformance with 
their patent laws and get a British patent, and then we 
have something which gives us protection over there. 
If we do not we have no protection in a foreign 
country. Merely because this country is a member of 
the convention would not protect us in a foreign coun- 
try. 

C. S. Curtis: Does that hold true with the individual 
country, or does it stockpile? In other words, you have 
a patent in the United States and you file within a year 
in Great Britain. Do you have another year to file with 
another country, or does it hold true with each coun- 
try? 

John S. Lieb: No, that year begins running from the 
time you file in the first country. If you want to file in 
six countries, for example, you have to file those six 
applications within a year, if you want the benefit of 
that early date. If you do not and your application is 
pending over here, you could file after this year, but 
you would get a later date over there, and, of course, 
it is to your advantage to file as early as possible be- 
cause you want to establish yourself as the first inven- 
tor. 

C. S. Curtis: Let us say you let it run two years or 
any number of years, after which you file in Great 
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Britain. You would have a later date than you would 
have here. 

John S. Lieb: You could not turn around and file 
another application for the same invention on the same 
date here. You could, but the office would get that sec- 
ond case of yours; they would find the first application, 
and you would have been trying to get two patents 
for the same invention, which is not allowed. 

C. S. Curtis: Would it extend your patent rights in 
this country? 

John S. Lieb: No. You would have to drop one of 
those cases because you may not double patent. 
You can only have one patent for one invention. 

C. S. Curtis: You spoke of a printed thesis. Did you 
use the word “printed”? advisedly or were you just 
referring to the fact that it would be printed? What if 
it were in handwriting? 

John S. Lieb: I meant to say a typewritten thesis 
was held to be a printed publication. 

Irving Rozian: Will you clear up for me the distine- 
tion between process, device, and principle of nature? 

Let me cite an extreme case. Everyone credits Albert 
Einstein with having discovered or thought of the 
mathematical relationship of energy equals mass. This 
resulted in the entire field of nuclear power and the 
atomic bomb. I presume it is unpatentable as being a 
principle of nature. 

John S. Lieb: That is correct. 

Irving Rozian: In that case, do you think there needs 
to be a liberalization of the patent law to take into 
account discoveries which are not mechanical devices? 

John S. Lieb: That is frequently proposed but it 
has never been accepted by Congress. I think perhaps 
there has been a little bit of fear that if scientific ideas 
were covered by patents, it might put a brake on the 
economy instead of promoting progress. 

Whether it would or not, I do not know. It is a little 
hard to give examples. Supposing you were to give pro- 
tection to the discoverer of the scientific principle; 
it would mean then that he would be able to exclude 
anyone from using that scientific priaciple in any 
number of ways for seventeen years. 

Congress has never been willing to go that far. 

Irving Rozian: Let me cite an intermediate case. 
At present, in working on the development of energy 
in the fusion reaction, they are doing some work on a 
phenomena called the pinch effect. This involves the 
squeezing of a stream of fast moving hydrogen ions 
in a magnetic field to achieve temperatures above 
10,000 F. 

Now, could they patent the pinch effect or would 
they have to patent the assembly of magnetic coils 
and tubes and so on, a particular assembly in which they 
achieve the effect. 

John S. Lieb: The general rule is that you may not 
patent a principle of nature. 

However, if you were the first man to discover the 
principle augmenting the pinch effect, actually the 
pinch effect has been known for some years, but if 
you were the first person to discover how to augment 
the pinch effect, it might be possible to cover a process 
for augmenting it with a claim such as this: a process 
for constricting the diameter of a fast moving stream 
of ionized particles between the pole pieces of an elec- 
tro magnet, applying electrical energy to the field 
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windings of the magnet to create a longitudinal mag- 
netic field and pinch the stream and so forth. You 
might set up an actual number of steps for accomplish- 
ing a useful result. 

In other words, you are working on a stream of fast 
moving ionized particles and you are constricting the 
stream of particles to a certain extent beyond its natural 
tendency to constrict. 

I think you could possibly claim that as a process, 
if you were the first man to do that because you are 
setting up certain steps for getting results that were 
not known before and are useful. Generally, however, 
a principle of nature itself is not patentable. 

In other words, we have always limited ourselves 
to giving the inventor the right to exclude others if he 
shows us a particular means of doing this. We will let 
him cover that broadly, but we will not let him cover 
all means for doing it, and that is generally the way the 
law is worked out. 

If you have a specific combination of means for doing 
something, you can patent the combination of means, 
but you cannot patent all means for accomplishing 
the result. 

If you could sit down and disclose all possible means 
and file enough patent applications, if you were that 
much of a genius, you might be able to cover the field 
pretty well, but generally, if does not work that way. 
You discover one combination of means and patent it 
and then somebody else is spurred on to find another 
combination of means. 

Stanley J. Momot: If you are an inventor and you 
have devised a process for an invention that is solely 
applicable to government work and it has in this hypo- 
thetical case absolutely no civilian use, is it possible 
that you will get any royalty from the government 
in their use of it? 

John S. Lieb: Let us say you are an independent in- 
ventor and you have made an invention that is soley 
applicable to the military. There is no reason why you 
could not sell it to the Government aside from the 
practical aspects of trying to interest the right people 
in the government. 

First of all, you have to convince the military 
authorities that you have something that they have 
not thought of that is worth accepting. 

If that is done, and if you have something they want 
there is no reason why you could not sell it to the 
government. 

You may patent it, for example. The government, of 
course, is free to use your invention because it is 
the government, without necessarily contracting with 
you in the first place. You are equally free to sue 
the government in the Court of Claims if they use your 
invention without proper payment to you. As an 
actual, practical matter, at least with the military 
organization I was connected with during the war, 
the government attempts to work out on a contractual 
basis the right to use inventions of persons not in 
government employ and not force the inventor into 
the Court of Claims to get his compensation. 

Stanley J. Momot: You talk about lawyers’ fees and 
so forth. What is the average cost from the time of 
inception to the time that you actually get a patent 
application filed? 

John S. Lieb: Let me answer your question this way: 
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It depends entirely on what your idea is. I would say 
that the average lawyer in practice would feel that he 
should get at least $20.00 an hour for his time. 

Out of that $20.00, he is going to have to pay office 
rent, secretarial salaries, buy books for a law library 
which can be expensive, telephone, paper, typewriters, 
etc. So, say he gets a minimum of $20.00 an hour. 

Suppose your patent application is for an invention 
that is a fairly simple thing and he can draft your ap- 
plication in thirty hours. That is $600.00. That would 
be the charge. 

But supposing it is very complicated and he is in and 
out of your factory for six months and there is quite 
a few drawings and pages and so forth, you may get a 
bill for $10,000 or $15,000 without any trouble. 

James Laidlaw: Supposing that one of the engineers, 
who had signed off with his company had been working 
on something, discovered and solved a problem after 
+:30 or 5:00 o'clock and he knew that he really solved it 
and that it probably was worth lots of money. Legally, 
could he have someone else file a patent for him? 

John S. Lieb: No. A patent application must be filed 
in the name of the inventor. 

James Laidlaw: Supposing he had a friend who was 
an engineer. Say, it was some kind of an electrical de- 
vice that only you make; could someone else file it? 


Could they come to some agreement, he and the other 


fellow? Could they patent the thing outside of your 


company? 

John S. Lieb: Of course, you can do anything, but 
you would not have a valid patent if you had someone 
else file a patent application in his name for an invention 
that you made. He would be swearing to a false oath 
because he has to swear that he is the first and original 
inventor when he files that patent application and he 
signs his name to that oath. 

The attorney, of course, if he knew it and went 
ahead with the case, would open himself to disbarment 
if the facts became known. 

Suppose he does not know it; he is fooled and the 
case goes to issue and the patent issues, and then later 
on, it is found out and can be proven, then the patent 
is no good. That happens occasionally. 

I do not say necessarily that this arises because of 
fraud, but occasionally, you may find a company, the 
chief engineer does not know anything about patents; 
he has had a small hand in the development, no legal 
advice is sought. He said, ‘‘ Put the patent in my name”’ 
and it is filed in his name. 

The engineer that really made the idea also is not 
familiar with patents and he says, ‘OK’ and does not 
think anything about it. A couple of years go by and he 
leaves this company’s employ. This is an actual case 
that I am giving you. It happened between two com- 
panies. The inventor went over to the other company 
and they said, ‘‘What about this process?”’ And he 
said, “Oh, I developed that” and they said, ‘It is in the 
name of the chief engineer over there.’’ And then he 
said, ‘* Well, he did not make the invention, I did.” 

The second company started to use the first com- 
pany’s process and the first company sued the second 
company for infringement. The second company was 
able to prove that the patent was not in the inventor’s 
name, and the patent fell. 

So it is very important that the real inventor's 
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name be on the patent. 

If the chief engineer, for example, were named as a 
co-inventor here, through error, and it later developed 
that he was not the inventor and such error arose with- 
out any deceptive intention on his part, the law has 
a procedure whereby you can drop his name off with- 
out any trouble. 

In the old days that would have made the patent 
invalid. You now can drop the noninventor or if you 
do not have all of your inventors on the patent that 
should be on there, they can be added, but if you have 
a patent that is issued in the name of one man who is 
not the inventor, the patent is no good. 

Of course, like anything else, you have to prove 
your assertion because a patent is presumed good 
unless you can show it isn’t. 

C. S. Curtis: We have been discussing here the pros 
and cons of people inventing during company time. 
You cite an agreement with your company. 

Now, supposing that I and another man, are working 
on an idea. I am working for one company and he works 
with me on an idea and we develop it. 

How much does my company have an interest in the 
idea? 

John S. Lieb: As you pose the facts, you have an 
engineer from one company and an engineer from 
another company and you are co-inventors. Unless 
there is some agreement signed between the two 
companies, and supposing that the companies have had 
each engineer agree to assign his inventions to his com- 
pany, each company has the right to do what it likes 
with that invention, with that patent, say, regardless 
of the other company. 

C. S. Curtis: Take, for example, the case of an inde- 
pendent inventor and somebody working for a com- 
pany, that is what I had in mind. 

John S. Lieb: Say they are co-inventors and one un- 
divided half interest is the company’s and one undi- 
vided half interest is the independent inventors. If there 
is no agreement between the independent inventor and 
the company of how they will dispose of this patent right 
afterward, or how they will sell it or license it and so 
forth, each is free to go out and license it as he sees 
fit. Broadly speaking that means that the rights each 
one has are not worth very much, because if each is 
free to license the patent and one gets ahead of the 
other he can license everybody before the other is 
out the front door. With this result a company is going 
to be very wary about going in on a development pro- 
gram with an outside inventor or with another company, 
unless they have an agreement with him or with the 
other company before hand, which will spell out how 
any patent that comes out of the development program 
will be handled. 

In other words, if it is a joint development, then 
one party or the other may license with the approval 
of the other party and they will divide the receipts 
such and such. 

If this is not done, each one is free to collect all the 
receipts he can get. The net result is if somebody came 
in the door with a half interest to sell; we say, ‘‘ What 
agreement have you with the other inventor?’ and he 
says, ‘‘ None.” Then we are generally not interested be- 
cause what he has to sell is not worth anything to us 
unless we are able to buy the other half too. 
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Extremely heavy construction characterizes the facilities 
and buildings of steel plants. 


The Design of Mill Buildings 


A THE subject of mill building design is a neglected 
stepchild in the field of engineering literature. In spite 
of the great investment in industrial construction, little 
attention has been given to the importance of the 
design of the heavy mill structure. This is in spite of 
the fact that the problem of process housing is common 
to all industry. It is, of course, natural and correct that 
the design of the structure should take a_ position 
secondary to the engineering of the primary process. 
However, the importance of the safe, adequate but 
economical structure must be recognized. It is note- 
worthy that the literature reveals so few papers devoted 
to this field. 

The people who should be most vitally concerned 
with the cost and adequacy of a mill building are the 
owners, and among the owners, the primary steel 
producers erect the largest dollar volume of heavy mill- 
type structures. A review of the design specifications 
now in use among these firms has revealed that the 
technology in this field has lagged. 

One company has not revised its specifications since 
1930. Another has not written design specification or 


procedure, and several companies offer standard 
specifications which are merely a recital of the allow- 
able stresses recommended by the American Insti- 
tute of Steel Construction. These AISC specifica- 
tions are incorporated by reference in practically all 
current design specifications, and this is appropriate, 
but it should be emphasized here that mere compliance 
with these specifications will not necessarily guarantee 
a mill building of acceptable design. The AISC Building 
Code offers no guidance to a mill building designer on 
the question of the nature of the basic structural action 
of the mill frame, and this is obviously fundamental in 
any search for a rational approach to column design 
Other variations in specifications involve snow loads, 
wind loads, allowable stresses, coincidence of crane 
loads on a single span, and percentage allowances for 
impact, side thrust and longitudinal thrust. Some of 
these differences result from varying climate or statu- 
tory building code requirements and will be subse- 
quently discussed in more detail, but none of these are 
as important as the differences in basic assumptions 
of frame action. 


Much test work ts needed to obtain the data which ts necessary to most effectively design mill building 


and crane runway structures .... these are a source of much trouble for many plants today . 


... the 


following paper suggests a design procedure which should eliminate many of these problems and one 


which should be considered by anyone concerned with mill building design. 
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The loading of the structure may be considered a 
subject of first importance in the design of this building, 
as it would be in the case of any structure. In the case 
of the heavy mill building, the dead load, wind loads, 
and actual crane wheel loads and spacings usually may 
be readily obtained. Beyond this point, however, wide 
disagreement exists. Basic percentages for vertical 
impacts vary; some use 20 per cent, some 25 per cent of 
the crane wheel loads. One authority uses a percentage 
for the first crane only on the span, and if two cranes 
can be placed on the span, impact is omitted entirely. 
This same authority carries no impact into either 
column or foundation. For horizontal thrust from 
trolley racking or bridge travel, there is also a general 
lack of agreement. One common practice is to use a 
fixed percentage, say 10 per cent of crane wheel loads 
for side thrust. Another authority tabulates a series of 
various side thrust requirements for cranes used in 
differing services. It should be mentioned here that the 
basic reasoning behind the use of 10 per cent of wheel 
loads lies in the accepted fact that the coefficient of 
friction, steel to steel, is 20 to 22 per cent. Thus, for 
side thrust generated by trolley acceleration, the 
theoretical amount would be equal to 20 per cent of the 
weight of the driven trolley wheels. Likewise for the 
longitudinal thrust, the wheel loads on driven wheels 
times 20 per cent should result in an adequate longi- 
tudinal loading. There is a general lack of experimental 
dynamic measurements of these horizontal effects. 
Since the effects are momentary, they cannot be 
measured, except through the use of dynamic strain 
measuring equipment. The AISE sponsored a limited 
series of tests on vertical impacts on crane bridge 
girders. These tests (1)* seemed to indicate that 
vertical impacts in slow-moving cranes on adequately 
maintained runways were not a critical problem. 
There are, however, no valid experimental strain 
measurements for side thrust effect known to the 
authors. Furthermore, great refinement in determining 
these values in the field would not only be unnecessary, 
but meaningless. This is so because the runway girder 
is not only subject to forces created by accelerating and 
decelerating the trolley, but also to the effect of the 
trolley hitting the bumpers. This effect is very difficult 
to calculate, since the trolley bumper is usually of rigid 
or rail-bumper design. 

In the case of the runway bumper, where springs or 
draft gears are normally used and the bumper is of 
adequate design, the likely maximum longitudinal 
thrust can be analyzed with greater assurance of 
accuracy. 

While personal observation of the operation of a mill 
often leaves one with the impression that it is almost 
impossible to over-design, it must be recognized that the 
design should evaluate the likelihood of coincidence of 
loading. Equal results would, of course, be obtained 
either through the use of higher stresses, or by assuming 
that certain coincident maximum loading conditions 
cannot obtain. It is the authors’ opinion that this can- 
not be fully legislated by specification, but must be 
subject to some judgment in each individual case. A 
further consideration which has to be weighed by the 
management is the possibility of increased unit loads, a 


* Numbers in parentheses refer to Bibliography at end of article. 
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trend which has shortened the useful life of many struc- 
tures because they could not be economically rein- 
forced for larger heats or heavier coils. 

Of equal importance to the subject of loading is the 
subject of allowable unit working stresses. Insofar as 
allowable stresses are concerned, there is no better 
agreement among the various authorities than there is 
in the case of loading. Some authorities use the straight 
AISC specification with 20,000 psi unit stress. Some 
authorities use a mixture where structures not carrying 
hot metal loading are permitted the 20,000 psi basic 
stress and buildings which do carry molten metal are 
restricted to 18,000 psi. The basic reasoning behind 
this, of course, is to provide some additional factor of 
safety for the structure with the additional hazard of 
the hot metal. 

In the preceding paragraphs, the most important of 
the disagreements in the area of loading and allowable 
stresses have been itemized. Beyond this point, the 
accuracy of the analysis will be our only concern. It is 
certainly unreasonable to imply that an economic 
structure can be produced through the judicious choice 
of error in design. The implication is obviously ridicu- 
lous. On the other hand, it may be stated that the more 
reliable design procedures will reduce the necessity for 
the use of conservative unit stresses or over-conserva- 
tive loadings which would be required to compensate 
for potential design errors. Omitting from consideration 
the design of purlins, roof trusses, girts and secondary 
members, the design of which needs little elaboration, 
calculations illustrating design practice in the two 
principal mill building elements; the crane runway 
girder and the crane column, will be presented. 

In a discussion of crane girder design, it will be 
assumed that the reader is familiar with the mechanics 
of determining maximum moments and shears for 
given conditions of span and loading, and the illustra- 
tion to follow will deal with the selection and analysis 
of a section that is adequate and economical for these 
loads. It is proper that the philosophy of this design 
practice should be reviewed here. Traditionally it has 
been assumed that the principal section of the girder 
carries vertical load effects and that the top flange, in- 
cluding stiffening material, carries the horizontal load 
effects. The results of the 1941 AITSE crane investigation 
(1) throw some doubt on this assumption. These experi- 
ments with bridge girders demonstrated that the whole 
section participates in both types of loading situations. 
However, the practice of stiffening the top flange has 
resulted in safe designs since the structure tends to 
resist loads in a manner paralleling the efforts of the 
designer to provide stiffening material. The sample 
analysis chosen is a typical example of a moderate size 
crane girder. The geometry of the structure determines 
the over-all dimensions. Closely related to the geometry 
of the structure is the problem of physical clearances for 
safety reasons. Most safety departments in the steel in- 
dustry have rigid requirements for clearances between 
crane end trucks and column top shafts. The purpose of 
this limitation is obviously to prevent catching a work- 
man between the end truck and the column. One com- 
pany requires that this clearance dimension be a mini- 
mum of eighteen in. This is considered the safest practice, 
but the effect on useful width of building is obvious. 
Another common practice is to permit clearances less 
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than four in. or greater than 18 in., but not between. gross section moment of inertia, and the section modulus 


The small clearance option is offered with the idea that for the bottom flange is determined using the net 
a man would be pushed to one side instead of being section. This follows railroad practice and is based on 
trapped. This feature of runway clearance is stressed the observed fact that the neutral axis does not jiggle 
because of the surprisingly large number of accidents up and down at points where rivet holes occur. 


which have occurred, 
improper clearances. 


particularly on runways with The horizontal section is now analyzed. Convention- 


ally, the top half of the main section plus the lateral 


On the basis of preliminary calculations and the plate and back-up material are considered to act 
designer’s experience, a trial section is selected. (See together. No rivet holes need be deducted. The tensile 
Figure 1). Note that the ratio of span to depth of girder and compressive stresses may now be computed and 


Figure 1— The 
first step in 
the design is 
to select a 
trial section. 
This design is 
for a 75-ft 
span in a 125- 
ft bay (back- 
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is usually kept to a maximum of 12. When clearance added to those obtained in the analysis of the vertical 
requirements dictate shallower construction, additional section. Provided these are within the allowable range, 
section modulus is furnished so that the deflection will the section may be considered satisfactory. If the 
not exceed that which would have occurred had the stresses are excessive, or if the design looks overly 
proper depth girder been used. Mathematically, such a conservative, the process must be repeated. An impor- 
girder is proportioned by moment of inertia rather than tant point of difficulty is the determination of the 
section modulus. should be noted that the final allowable compression stress in the top flange. Ad- 
analysis of the section is based on the so-called “exact”’ mittedly, the AISC Id/bt formula is not applicable to 
method. The main section is first analyzed (Axis: the case of built-up girder construction. The customary 
1-1). While all rivet holes below the neutral axis are practice is to use an |b formula of the general form of 
deducted, the location of the neutral axis remains at the the 1936 AISC Code. Although the AISE requirements 
point determined by the gross section. The computation permit 1/b ratios of 65, this is intended primarily for 
of section modulus for the top flange is determined using box section crane bridge girders. The use of some judg- 
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ment in this instance rather than rigid adherence to 
formula is indicated. It should not be necessary to 
further describe the rather simple mechanics of crane 
girder design. Rather, it is worthwhile to note some 
of the fairly obvious but not always observed rules 
which should be followed in crane girder design. 

First, the design of the fasteners has been the source 
of some difficulty in crane girders. Experiments com- 
paring hot-driven riveting, cold riveting, and high- 
tension bolting have been performed by the AISC. 
While high-tension bolting has shown great promise, 
the cost is not favorable for shop work. Cold riveting 
has fallen into disrepute as a result of recent tests. It is 
considered good practice to use the so-called “precise” 
V VQ BI formula for calculation of rivet stress, but 
it is preferred that maximum spacing should not exceed 
six in. The rivets connecting the lateral plate to the top 
flange should have very conservative spacing, since 
calculations as made do not adequately express the 
actual rivet stress, especially in view of the stress 
reversals which may occur. The connectors fastening 
flange angles to web are a source of difficulty since not 
only must the horizontal shear be provided for, but the 
direct wheel load reaction must also be carried. 

This concentration is usually assumed distributed 
over a 2 ft, O in. length. One solution to the problem 
which is not universally accepted is the practice of 
fabricating the web plate flush or projecting 49 in. 
above the back of flange angles to pick up the wheel 
loads directly. It is recommended that rivet spacing be 
given careful consideration to design since riveting 
inadequacies frequently result in difficulty with loose 
rivets in service. 

Second, consideration must be given to end bearing 
conditions. It is disturbing to find how frequently the 
end reactions are not properly provided for. The de- 
signer should sketch the design of the girder end, show- 
ing the method of handling the reaction through 
stiffeners properly carried into the supporting column 
material. 

Third, precautions must be taken in the design and 
detailing of the end connections to avoid restraint of 
the girder against end rotation. Special designs are 
often used to physically separate the ends of the girder. 
One of these which has been patented was described in 
earlier papers in the AISE literature.(3,4) Some end 
details of a very unsatisfactory character have been 
used in the past. One in particular provided for riveting 
directly between the girder web and the column. This 
application resulted in 38 loose rivets in a 72-rivet group, 
while in another instance of this type in which the rivets 
remained tight, the column flange angles cracked at the 
fillets in service. 

Fourth, adequate provisions for torsional stability 
must be made. Experience has indicated that any girder 
having a span much over 30 ft can be torsionally un- 
stable unless stiffened at the bottom flange as well as the 
top. One girder of 65-ft span, without bottom chord 
stiffening could be excited into torsional vibration by 
manually pushing it in synchronism with the natural 
mode of vibration. This means that a full back-up 
girder is needed for spans of any magnitude, say 30 ft 
or greater, instead of simply stiffening the top flange by 
means of a top or side channel. 

Fifth, a very desirable if not essential practice on 
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girders for outside service is the use of a wearing plate 
between the rail and girder flange. Lacking such wear 
plates, many girders have been found with the top 
flange angle virtually worn through after a few years of 
service. The practice for indoor runways varies. In this 
case, the wear plates are not as critically essential, 
although cases of considerable wear have been recorded. 

Sixth, one practice not recommended by the authors 
is the use of knee-braces attached to the crane girders to 
provide longitudinal bracing for the building. This 
practice can be expected to result in loose rivets in the 
knee-brace, transverse strains in the column, and it 
generally fails to accomplish the intended purpose of 
bracing the building during its service life. 

The second principal element of design in heavy mill 
building construction is the crane runway column. 
There is greater disagreement in this element of design 
than in any other in mill building work. It must be 
admitted that perfectly satisfactory column designs 
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Figure 2 — Isometric view illustrates space frame concept. 


























dating back to before the turn of the century have been 
made. At the same time, it is difficult to see just why 
methods should be so crude as to produce misleading or 
even grossly incorrect results. This is not intended to 
imply that the authors are the sole users of refined 
methods of column analysis. Actually, similar practices 
are used by others, and have been for some time. 
Unfortunately, one of the largest designers and owners 
of mil] buildings still assumes the building to be a portal, 
with an assumed point of inflection at the mid-height of 
the column. This assumption of plane frame action is 
not confirmed by any theoretical or experimental 
evidence. In fact, the testing work to be described in the 
ensuing paragraphs refutes such an assumption. 

A significant contributing factor to the perpetuation 
of this column design procedure which hopes for proper 
results by attempting to balance two grossly erroneous 
assumptions of opposite sign is the prevalence of a 
structural design textbook advocating this procedure in 
many of our engineering colleges. 

A typical long mill building properly designed on the 
basis of plane frame action would be an exceedingly 
heavy structure—one that few managements would 
care to finance. There are applications for such designs 
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Figure 3 — Diagram shows results of strain 


on rare occasions, i.e., a three-bay skullbreaker structure 
where the building is so short that crane loads cannot 
be successfully distributed to adjacent bents. 

Two very important considerations determine the 
basic conditions of design of the mill building frames. 
The first of these is the fact that it has become uniform 
practice to provide full-length bottom chord bracing. 
This practice has resulted from field experience which 
demonstrated the superiority of a structure provided 
with such a continuous bottom chord bracing system. 
The second key point is the fact that the maximum con- 
dition of live crane loading can occur at only one column 
it a time. Thus, the top of the column is prevented from 
translation because of the fact that the bottom chord 
bracing transmits horizontal forces to the unloaded 
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measurements made on mill columns. 


columns which resist such translation. For these reasons, 
the structure may be considered to be, in effect, 
frame. (See Figure 2). It will become apparent that for 
the isolated loading condition which prevails in a 
structure of average length or longer, this may be con- 
sidered a simplifying rather than a complicating assump- 
tion. 


a space 


The crane column may be taken out of the 
frame and analyzed as a “free body”’ or isolated mem- 
ber. The validity of this practice has been established 
by full-size testing. A column in a multi-bay building 
in the Cleveland Works Division of Jones & Laughlin 
Steel Corp. was selected for this test. The column was 
located in a new section of building in which adequate 
testing could be carried on 


space 


without disturbance to 
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operations. The original design of the building, includ- 
ing the column under test, was based on plane frame 
analysis made on a Beggs machine mode]. Actual strain 
measurements were taken on the column, using SR4 
electric strain gages. The loadings were restricted to 
eccentric moment loads for practical reasons. The ac- 
companying illustration, (see Figures 3 and 4) shows that 
three strain stations were located on the bottom shaft 
(to establish a straight line) and two on the top shaft 
(to establish a straight parallel to the line on the bottom 
shaft). It is interesting to observe the comparison of the 
measured moments with the various design assumptions. 
\s was expected, a very wide variation between the 
experimental results and the Beggs model analysis was 
found——not because of error in the analytic procedure, 
but because of error inherent in the basic concept of 
plane frame action. Observe that the Beggs model value 
for moment at the base is only about 50 per cent of the 
experimental value. 

Several assumptions were made and tested by com- 
paring computed with experimental moments. As can 
be observed in Figures 3 and 4, the best correlation 
between calculated and measured moments occurs 
when the base of the column is assumed fully fixed and 
the top pinned midway between the knee-brace and the 
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Figure 4— Additional data on strain measurement are 
given on this sketch. 


bottom chord of the truss. It is recognized that dif- 
ferences in construction may affect the logic of these 
assumptions, but for the general case, no more logical 
approach has been found. A principle of column design 
for crane load effects may now be stated as follows: 
“The column shall be considered as fixed at the base 
against translation and rotation and pinned at the top 
for rotation at a point midway between the knee-brace 
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Figure 54 — Load diagram for typical column. 


and the bottom chord of the truss. No translation of the 
pin (side-sway) is allowed.’’ While this may be con- 
sidered a simplifying assumption, it is evident from 
Figures 3 and 4 that the error is extremely smal]]—in the 
range of 3 per cent or less. 

Let us see the effect on design analysis that this basic 
principle may have. As in the case of any statically 
indeterminate analysis, a first approximation, or de- 
signer’s guess, must be made and then investigated. 
Some experience is required to produce a first approxi- 
mation which can be expected to prove reasonably 
accurate. Having determined the trial proportions of the 
column, the physical dimensions, loadings and proper- 
ties of the sections may be determined and shown as in 
Figure 5A. To the experienced designer, it will be 
evident that several methods, including the classical 
method of least work, may be applied to the solution of 
the column. However, a rapid but. completely general- 
ized solution has been developed which offers the 
advantages of easy understanding and mathemetics 
which need not go beyond simple geometry. The method 
is an application of the moment-area principle, and 
proceeds as follows: 

Figure 5B shows the load diagram for eccentric 
moment, and Figure 5C shows the column ‘‘cut”’ at 
the top pin, releasing the top, and super-imposed on this 
is the applicable M/EI diagram for this condition 
The deflection “delta one” is readily calculated, and by 
moment-area theorem is equal to the moment of the 
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Figures 5B through 5J — Steps in typical column analysis are given in this series of figures. 


moment areas about the pin or deflected end. Figure 
5D shows the M /EI diagram for a restoring force “‘R,.”’ 
The deflection of the pinned end under this loading 
(only) ‘‘delta two” can also be readily calculated. 
Since the original design premise was based on the 
condition that the top does not translate, “delta one” 
must equal “delta two’’, and the resulting equation 
may be solved for “R,.’”’ Having acquired a value of 
“R,,” it is a simple matter to develop the moment 
diagram, Figure 5E. In a similar manner, Figure 5F 
shows the load diagram for side thrusts. Figure 5G 
shows the resulting ‘“‘delta three’? when the column is 
cut through the pin, and Figure 5H shows the “delta 
four’? caused by a restoring force R,’. “Delta three” 
and “delta four’? may be equated and R, calculated. 
Having secured R,’, the moment diagram for this effect 
(Figure 5J) is constructed as before. Provided the 
column is located in a structure having multiple aisles 
where wind stresses may be neglected, the analysis is 
complete. 

The entire column analysis, including determination of 
properties of sections, should not require more than two 
or three hours for the experienced designer. The 
designer will now sum the axial and bending stresses at 
various sections along the column and compare these 
with allowable stresses. The designer is cautioned here 
that consideration of longitudinal moments resulting 
from eccentricity of crane loads transverse with the 
column axis must be considered. This is usually a 
separate case, involving a maximum reaction of one 
crane girder only. One major advantage of the method 
s that changes in magnitude of loadings can be evalu- 
ated by simple proportioning. This would not neces- 
sarily be the case if all conditions of loading were con- 
sidered simultaneously. 

The problem of wind stresses in the single-aisle struc- 
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ture will now be considered. In this situation, the wind 
stresses may not be safely ignored without adequate 
confirming calculations. An examination of the problem 
indicates that the simple space frame analysis may no 
longer be used, since each bent must resist its own share 
of the wind load and consequently side-sway may be 
presumed to occur, although this point is not founded 
on experimental observations. When side-sway occurs 
in a frame of this nature, it is customary to assume that 
the column is fixed at the bottom of the knee-brace 
against rotation. Fortunately the mechanics of solution 
used in the previous crane-effects problem may be 
applied here with only minor variations. The problem 
may be considered in two parts—roof wind and wind 
on the column proper (side wind) (Figure 6). It is 
obvious that with columns of equal stiffness, this load 
will be equally divided between the two columns. It 
may therefore be assumed that an “R,’’ due to roof 
wind is applied at the top of each column. When the 
column is ‘“‘cut,’”’ a deflection and a rotation of the top 
result. A simple calculation (Figure 7) is required for a 
restoring moment at the top, ““M,.”’ This portion of the 
wind analysis is straightforward. 

The analysis for side wind is somewhat more compli- 
cated. Figure 8 shows the loading diagram for side 
wind only. Assume that the windward column has been 
cut and the resulting deflection calculated as 
This column, however, is connected to the unloaded or 
leeward column. A little reflection vill make it evident 
that, if the columns are of the same stiffness, the connect- 
ing member will restore the windward column one-half 
of the original deflection. The resulting force “R,’””’ may 
be readily calculated from this fact. It is now a simple 


before. 


matter to establish the necessary equations for the 
restoring moments at the top of each column and a final 
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Figure 6 — In typical column design analysis, wind stress 
can be considered in two parts, roof wind and wind on 
the column proper. 


restoring connecting force, R,’’’, between the two col- 
umns (Figure 9). A valid solution has now been secured 
without ever losing the sense of logical, geometric 
action. The only simplifying assumption actually 
needed was that the ratio of the moment of inertia of 
roof truss to column top shaft should be considered 
infinite. Columns of varying stiffness, and multi-legged 
bents complicate the foregoing procedure only slightly. 

As long as the basic principle of space-frame action is 
used, the authors hold no special brief for this method, 


Figure 7—Simple calculation is required for the restoring 
moment at the top. 
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should the designer prefer something other than the 
moment-area process. The original concept was de- 
veloped using least work, and at least one other de- 
signer prefers the conjugate beam concept. Another 
design group has developed formulae solution for the 
problem which will, of course, yield identical answers. 
The important point is the basic concept of space- 
frame action. The tool is subject to the designer’s choice. 

At this point, it would seem auspicious to delve a bit 
into the realm of speculation. While for a specific 
geometry, it is easy enough to solve for the necessary 
moments and shears, it is evident that considerable 
latitude exists in the possible variations in ratio of “T”’ 
of the bottom shaft to “I’’ of the top shaft. It would 
seem entirely possible that this problem could be 
programmed for analog computer solution, and curves 
of base moments, bottom shaft moments, and top 
shaft moments could be produced for varying 1[,/], 
ratios. This would result in a family of curves for a 
variety of ratios of bottom shaft length to top shaft 
length. When equipped with these curves, a designer 
could then select an optimum I,,/I, ratio for his specifie 
problem. Figure 10 shows two such sample curves made 
by conventional analysis (see Figure 11 also). 

At this point, it might be well to comment on another 
practice of some designers. This practice utilizes a stub 
column section consisting usually of a wide flange 
directly under the crane load with axes parallel to 
runway. The back section of the column is continuous 
from foundation to roof truss with axis perpendicular to 
the axis of the runway. The theory of this application 
is that eccentricity is eliminated and the back shaft 
carries all of the side thrust loading. While the idea has 
merit in principle, in practice, it is difficult, if not im- 
possible, to establish. The reason for this is that the top 
shaft must be tied together with the back shaft at the 
top and usually at intermediate points. Unless these ties 
are truly pinned, the practice cannot be substantiated 
because shortening of the front shaft under direct load 
will produce distortions in the combined system 
similar to, if not identical to, what they would be if the 
systems were effectively combined. In effect, a vieren- 
deel truss set vertically is produced. 

While the principal design problems of interest relate 
to crane girders and columns, certain other features are 
worthy of comment in mill building design. Foundation 
design, and particularly the sampling and testing proc- 
esses that are required to furnish the designer with soil 
bearing or pile values have been discussed in a paper by 
(George S. Richardson(4). Our practice has been to carry 
into the foundation all loads, including not only dead 
and live loads, but also impacts, side thrusts, shear and 
moments. At the same time, it is recognized that soil 
bearing values and pile loadings are relatively con- 
servatively stated. In an attempt to evaluate this factor, 
a 50 per cent increase in soil bearing value and 3314 
per cent increase in pile values for the most severe 
combination of all loads has generally been allowed. 
The reason for this practice is to secure a better balanced 
design. 

The longitudinal stability of the structure is a feature 
which should always be investigated. Modern practice 
is to design structures for maximum length between 
expansion joints of about 400 ft. Experience has shown 
that structural distortions are likely to occur if excessive 
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lengths are used. One ideal practice is to make adjacent 
sections completely self-sufficient by using double 
columns and trusses. If this is not done, it is advisable 
to seat crane girders and other principal members on 
lubricated bronze plates to avoid freezing between steel 
surfaces. Longitudinal bracing has also undergone 
changes in recent years. Old-fashioned practice was to 
brace end bays and every fifth bay along the runway. 


involved, the draft-gear type is, of course, indicated. 
The stopping force is usually based on the use of 50 per 
cent of the rated bridge speed and the length of travel 
of the spring of draft gear. Since this is usually a force 
of considerable magnitude and is centered at some 
height above the top of girder, it is generally impractical 
to bolt or rivet a bumper block to the top flange of the 
crane girder. The best practice instead is to run a pair 
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In one structure braced in this manner, the bracing in 
an end bay was cut during extreme weather conditions 
and the measured “spring” was 3¢ in. indicating that 
the contained forces were excessive. A little thought 
will show the fallacy of anchoring the ends of a structure 
against thermal movement. A better approach is to 
brace the center bay or center two bays and allow the 
structure to “breathe” thermally in both directions from 
the braced point. 

Another matter of considerable interest is the subject 
{ runway bumpers. These bumpers may be either 
pring or draft-gear type. When heavy cranes are 
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2.95 
, O1S64 M/E A, 11.40 MVE 


of heavy rods diagonally down from the force applica- 
tion point to the web of the girder. Through the use of 
adequate stiffeners, it is possible to make this arrange- 
ment completely safe and efficient. 

An item of secondary interest but still of considerable 
importance is the method of attachment of the crane 
rail. In previous years, a constant maintenance problem 
was the tendency of the rail to open up at the joint, 
resulting in rough joints and ultimately broken rails. 
Modern practice varies, but both the thermit-welded 
rail and the tight-milled rail joint have proven satis- 
factory. It should be evident that the rail must be 
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allowed to float freely longitudinally. Usually a two- 
bolt rail clip is used at about 18 to 24 in. on center 
allowing about 14 in transverse movement each way 
from a centerline of rail. The ends are usually cut short 
of the end bumpers of the runway by several inches. 
Rails are usually run continuously across expansion 
joints. It is also worthy of mention here that the 
largest practical crane rail presently available is the 


Figure 10 — Curves give data on eccentric moment at base 
of column with respect to various relationship between 
the top shaft and bottom shaft of the column. 
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175-lb rail. The greatest load for which this rail is 
considered adequate is 110,000-lb wheel reaction. This 
establishes a practical maximum limit of crane wheel 
reaction. 

Other miscellaneous matters which should be noted 
in passing as they concern mill building design are 
purlins, girts, and bracing. Jones & Laughlin has found 
that the junior beam sections make economical purlins 
and that girts of 5 or 6 in. channel are more efficient 
than angle girts. No rod bracing is used in the modern 
heavy mill structure, and all tension members are made 
to conform with the AISC 300 1/r limitation. Our 
practice has been to permit welding principally for 
repair purposes or for locations where impact does not 
exist. Where impact loads are important, the designer is 
cautioned that very conservative values for unit weld 
strengths should be used. Normal practice on ore 
bridge designs, for example, is to use about 50 per cent 
of the otherwise permitted welding stresses. Even this 
precaution may prove inadequate unless careful con- 
sideration is given to lock-in stresses, secondary stresses, 
notch effect and base metal annealing. 

Both lighting and ventilation must be considered as 
integral parts of the complete mill building design. The 
most recent mill structures erected by our company are 
entirely without windows. This practice evolved as a 
result of the fact that practically all industrial processes 
are now three-shift operations. It is obviously short- 
sighted to provide day lighting for one shift and then 
require adequate artificial lighting for the other two 
shifts. The economical solution which omits entirely the 
maintenance cost of window-washing and the capital 
expenditure for sash—as well as access facilities for sash 
cleaning—is to omit the sash entirely. 

This development has gone hand-in-hand with a 


Figure 11— General formulae for eccentric moment 
condition. 
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Figure 12 — View shows erection of columns and crane 
runway girders at J&L’s new open hearth in Pitts- 
burgh. 


gradual up-grading of the artificial lighting require- 
ments. Where a mill structure erected twenty years ago 
was furnished with lighting that would provide 10 
foot-candles at the working level, lighting intensities 
today are usually specified in the 15 to 20 foot-candle 
range. Increased reliability is required of mill lighting 
systems today, and the color-corrected mercury fluores- 
cent lamp might have entirely replaced the incandescent 
fixture were it not for the time lag in re-lighting the 
mercury fluorescents after a power failure. For this 
reason, one-third to one-half of all the fixtures in a mill 
building are still required to be of the incandescent type, 
and these are distributed throughout the structure. 

Careful study must be made of the heating and 
ventilating problem, particularly in buildings that 
house a process furnace. The dissipation of hot gases 
and noxious fumes in such a manner that the structure 
will not be damaged constitutes a problem of prime 
Importance. 

And finally, the skin of the building must be selected. 
While this is not related in the structural analysis, it 
may be a very significant point in the area of cost and 
life expectancy of the structure. Corrugated galvanized 
steel remains the commonest sheeting material. Pro- 
tected metal sheets are widely used, as well as stainless 
steel, asbestos and aluminum. The ideal sheeting mate- 
rial would be weather-tight, corrosion-resistant, fire- 
proof and economical. Some unfortunate results have 
obtained from fire hazards attributable to the relatively 
small quantity of combustibles contained in a sheet 
coating. The modern coating used in present-day 
sheeting, however, has been found by our own fire tests 
to be very satisfactory in this respect. 

In summing up, it will be recognized that certain 
ireas of disagreement will exist among various designers. 
Generally, these disagreements will revolve around 
points which relate to opinions that cannot be sub- 
tantiated either way. Such questions as the magnitude 
ind area of action and wind forces are still evaluated 

mpirically. Another nebulous question is the likelihood 
1 simultaneous maximum loadings from several cranes. 
While these points can be partially resolved by speci- 

‘ation limitations, some policy latitude must necessarily 

main. The engineer can obtain data on operational 
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Figure 13 — Erection is further along in this view than 
that of Figure 12. 





Figure 14 — This view is taken from the other end to that 
shown in the previous two figures. 


practice and then use some judgment in selecting condi- 
tions of loading. One point of extreme importance is 
that such decisions, when arrived at, should be clearly 
shown on both the calculations and the drawings 

The AISE has already done an outstanding piece of 
experimental work in the crane girder tests(1) that were 
the basis of the present specifications for electric over- 
head travelling cranes. It would seem to be a logical 
extension of our committee activity to extend this work 
into the field of model specifications for mill building 
design. Such a specification could very well serve as an 
industry-wide standard, and participating companies 
could adopt it with exceptions or deletions as they 
deemed appropriate, in a manner much like the crane 
specifications are presently used. Such a model specifi- 
cation could incorporate the best practices of many 
companies and the necessary testing and experimental 
work could be centralized and supervised by this 
AISE committee, with benefits accruing to the entire 
industry through a constantly rising standard of safety 
and economy in mill building design. 
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DISCUSSION 


PRESENTED BY 





1. E. MADSEN, Research and Standards Engi- 
neer, Association of Iron and Steel Engineers, 
Pittsburgh, Pa. 

J. J. MURRAY, Development Engineer, Jones & 
Laughlin Steel Corp., Pittsburgh, Pa. 


JAMES EVANS, Registered Structural, Mechan- 
ical, Industrial Engineer, Massillon, Ohio 


I. E. Madsen: We expect this paper to become a 
small bible and design manual to which many in the 
steel industry will refer, as they consider construction 
of mill buildings. The following comments apply speci- 
fically to the design of the crane girder and the crane 
runway girder only as affected by the crane. Unless 
crane runway is. specifically mentioned, the crane 
girder itself is meant. 

The first research and actual measured data on crane 
girder forces, loads, and stresses was a research program 
sponsored by the Association of Iron and Steel Engineers 
in 1939 and 1940. The results of this work provide the 
foundation for many of the clauses in the AISE speci- 
fications for electrical overhead cranes, AISE Standard 
No. 6, which has since been extensively adopted as a 
design manual, in both this and foreign countries, and 
outside the steel industry as well as within. 

Several items which were new in these specifications 
were lateral forces, impact load approach, and the 
action of the girder under horizontal load. Since that 
time there have been several more extensive re- 
search investigations, particularly in England by the 
British Iron and Steel Research Association BISRA, 
and also by a similar group in Sweden. 

The British work is available in the 1955 BISRA 
crane specifications for heavy duty KOT cranes for 
use in iron and steel works. The important point is that 
the factors for impact, lateral loading, and inertia 
forces correspond quite closely to those in the AISE 
specifications and thus checks the original work. 

However, since the crane loadings and forces are 
such an important factor in the crane runway design, 
care must be applied in using them for the crane runway. 

The total lateral force on the two crane runways due 
to the trolley forces reaches a maximum of about 20 
per cent of the total load on the trolley. The question, 
which is still unknown, is how the forces are split 
between the two crane runway girders, since that is 
affected by variation in span, wheel taper and wheel 
flange action. A worse problem occurs when the trolley 
hits the rail stop. 

The amount of impact on the runway girder is with 
one exception less than that on the crane. The crane 
tests, and stress measurements, showed that the further 
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one gets from the point of impact load, the less impact 
effect is present, since the stretching of the cables, and 
spring or deflection in the crane girder and other 
structural members cushion and reduce the impact 
forces. 

The one exception is impact due to such conditions 
as bumps or bad runway joints on the crane runway 
girder. Impact due to this cause is cushioned in the 
crane girder, but at a maximum on the crane runway 
girder. There crane impact forces may underestimate 
the severity of this factor, which may run up to 100 
per cent or more. 

We have heard that J. & L. in some of its crane 
runways have installed a rubber cushioning material 
under the crane runway rail. I would like to ask Mr. 
Murray if they have been able to determine if this has 
reduced impact forces. Is it possible to say if there has 
been any reduction in maintenance costs or problems 
because of the use of this cushioning material? 

With reference to Mr. Murray’s remarks on girder 
resistance to lateral forces, in the case of box girders, 
the whole section can be assumed to take the load 
because it resists twist so well. The tests prove this 
clearly. An I-beam does not resist twist as well and 
although the whole I-beam helps support lateral load, 
if twisting is present, the top flange deflects more and as 
a result is more highly stressed than the bottom flange. 

To offset this, the top flange is commonly reinforced, 
although designing the section to resist twist by fixing 
the ends or using a welded girder will usually make the 
metal work more efficiently. In the case of a box girder, 
the web resists most of the horizontal load. 

With reference to Mr. Murray’s comments on the 
length width ratio of girders, the AISE specifications 
apply only to box girders. They were not intended for 
I-beam girders. Within these ratios no reduction factor 
need be applied to compressive stresses in the top flange, 
and for box girders the ratio is perfectly safe. 

Before closing, I would like to mention that crane 
acceleration tests in steel plants are needed. Such data 
would be he'pful in the design work discussed by Mr. 
Murray, since the loads can be easily computed from 
such data. The data would be even more important in 
establishing the sizes of motors for bridge and trolley 
drives. 

All that would be necessary for such a test would be 
to attach a recorder on the drive to measure both 
speed or RPM and time. Acceleration is the most 
important load which sets the bridge drive size, but 
most people find it easier to think in terms of speed. 

To point out how such data would help, I would like 
to cite the case in a recent plant who decided to order 
a crane for a particular mill which would work with 
several others on the same runway. However, after 
erection, there were complaints that the crane was 
underpowered and sluggish. A mill test showed that 
the crane met the specified acceleration, but the other 
existing cranes on the same runway were much better 
than assumed. 

If a test had been made on one of the existing cranes 
before ordering the new crane, the crane builder would 
have designed the drive with no trouble since he would 
then have known the capabilities of the existing cranes. 

The AISE would like anyone who can furnish such 
data to send it in to AISE headquarters for use in the 
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J. J. Murray: There is one question I would like to 
answer, and that is the result of our use of rubber on 
the rails. I am afraid I cannot give you a very good 
answer. I have a number of times suggested that I 
would like to have time and opportunity to apply some 
of these equipments we actually have. We have dynamic 
electric strain gage measuring equipment, including 
the necessary oscillographs, but unfortunately testing 
of that sort is time-consuming. The importance of get- 
ting more concrete data on these points of dynamic 
measurements we should stress, because there is very 
little of this sort of work done. 

James Evans: I am very happy that a man of the 
author’s knowledge and experience has taken an interest 
in this neglected stepchild, which is my particular 
subject. After many years of inspecting them, trying 
to find out a lasting way to repair them, I finally had 
an opportunity to use strain gages on a long open 
hearth crane runway that had been built starting in 
1915, extending into 1916, 1918 and so on until it was 
1200 to 1400 ft long. 

I was rather amazed at the results of these. They did 
not check with my analysis, of course, but finally I 
reconciled myself to the fact that I was wrong—the 
strain gages were right. 


Using these strain gages, however, taught me one 
thing, a very, very valuable thing. That is the impor- 
tance of Hooke’s law, that stress and strain are propor- 
tional within the elastic limit. The point I want to get 
across is that with the proper observance of Hooke’s 
law one can eliminate 90 per cent of runway problems. 

The deformation due to Hooke’s law is directly 
proportional to the length and almost directly propor- 
tional to the average stress in that girder. No one can 
deny the fact that the crane wears out the runway. | 
wonder how many crane buyers know what points to 
look for to make sure it will be easy on the runway? 
See Figure 15. Normal practice allows only for the lat- 
eral thrust of the moving trolley, however in the longer 
spans (and under other conditions) this trolley thrust 
is far exceeded by the changing span spread caused by 
Hooke’s Law. 

Figure 16 is an installation of a one piece flexible 
crane runway to column connection of which one is 
required per column and no diaphragm is needed. 
This is one of five patented or pat. applied for designs. 
All five allow the girder top chord to float freely end- 
wise. Additional information can be found in references 
(2) and (3) at the end of Mr. Murrays’ paper. 
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By J. M. GRAUBARD, Supervisor of Design, Coke Plant, United States Steel Corp., Fairless Works, Fairless Hills, Pa. 


Methods of Desulphurization 


of Coke Oven Gas 


A THE first known reference to the phenomenon of the 
carbonization of coal was made by the Greek philoso- 
pher Theophrastus, a pupil of Aristotle. In “History 
of Stones,”’ dated about 371 B.C., he refers to the lepara 
stone becoming like pumice, when burning, changing 
both its color and density. Mention is also made dur- 
ing the middle ages of coke used by the silversmiths on 
the continent of Kurope. 

The earliest modern reference to coke is a recom- 
mendation for carbonization of coal made in 1584 by 
Duke Julius of Braunschweig-Luneberg, who operated 
the Hohenbuchen Mine in the Harz District of Ger- 
many. Around 1589, Procter, Peterson and Dudley 
tried to carbonize coal in England, and in 1590 an 
english patent was issued to John Thornborough to 
“purify pit coal and free it of its offensive smell.”’ 
This first coking was accomplished in piles containing 
flues which were created by suitable arrangement of 
larger lumps of coal, or with pieces of wood. The piles 
were covered with earth or with wet coke breeze and 
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Figure 1 — First coke was made in piles with flues and hav- 
ing a special arrangement of large lumps of coal or 
wood. 


then ignited. In the course of several days, coking was 
completed, the fire extinguished and the resulting coke 
dug out for use. See Figure 1. 

Permanent flues and hearth structures for the piles 
gradually developed, and from these beginnings the bee- 
hive type ovens were developed about 1763 in England. 
\bout the time of the first beehive oven, the usefulness 
of the gas and tar, which were formed by heating coal, 
began to be recognized and efforts were made to produce 
these materials from coal. 


FIRST BY-PRODUCT RECOVERY OVEN 
It seems that the first very crude by-product ovens 
iv have been built in 1766 near Saarbrucken, Ger- 
iny. These ovens were intended to remove sulphur 
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increasing demands are being placed on 


removing sulphur from coke oven gas ... . these 


demands arise as sulphur content in coals in- 
crease, and as sulphur restrictions by the user 


become more rigid... . sulphur in compounds 


because of their tendency to increase corrosion 


also adds much to maintenance problems . . 


from coal so that the coal could be used in making iron, 
and also to save oil, tar, ammonia and soot. The ven- 
ture ended in a complete failure. 

Development of the ideas of the Saarbrucken ovens 
came very slowly. For almost one hundred years, the 
low market value of by-products, the poor quality of 
coke made, the crude design of equipment and the ample 
supply of tar and ammonia from gas works, held the 
growth of the by-product coke industry at practically 
a stand-still. 

In the meantime the progress in the gas industry had 
been going ahead. In 1792, a successful process for 
the manufacture of gas was developed by William Mur- 
dock, and in 1802 his house and the plant of Boulton 
and Watt, in Birmingham, England were lighted by 
gas. These first gas retorts were inclined and were 
heated by burning coal in grates below them. 

In 1812, the present Gas Light and Coke Company 
of London, England, was organized, and four years later 
in 1816, the first gas works (Figure 2) was built in the 
United States at Baltimore, Maryland. 

The long stalemate in the by-product coke industry 
was broken in 1856 at Commentry, France, where 
Knab built a battery of by-product ovens and ap- 
paratus to recover gas, tar and ammonia. The gas was 
returned and burned in flues to assist in coking the coal. 
The most important advance made by this oven was in 
the coke yield which was 63 per cent of the coal charged. 
In 1862, Darves and Company added three hori- 
zontal heating flues in the walls while retaining the floor 
flues of the Knab oven, and used the first exhauster to 
suck the gas away. 

In 1885, Louis Semet, chief engineer of the Brussels 
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Figure 2 — Sketch shows first gas works plant in the United States in 1816. 


Gas Works, and brother-in-law of Ernest Solvay, built 
25 four-ton-by-product ovens at Havre Colliery, near 
Mons, Belgium. Semet became director of the Solvay 
Company and in 1892, he built the first by-product 
ovens in the United States at Syracuse, New York. 
This plant consisted of 12 ovens, 30 ft long by 6 ft 6- 
in. high. The maximum charge was 4.5 tons and the 
coking time was 36 hrs. Shortly thereafter, the suit- 
ability of by-product coke for blast furnace use was 
established and several organizations built successful 
ovens. In spite of the suecess of the early installations 
by Semet, Otto-Hoffman and Heinrich NKoppers, the 
development of the by-product oven in the United 
States was slow. It was not until the war years of 1914 
to 1919 that the demand for by-products for synthesis 
of dyes, which were no longer obtainable from Ger- 
many, together with a major expansion in the steel in- 
dustry, led to a rapid increase in by-product coking. 
In 1919 the tonnage of coke produced in by-product 
coke ovens in the United States exceeded that produced 
in beehive ovens. 


MODERN OVENS 
Kxcept during times of high business activity, less 
than ten per cent of the coal which is coked is carbon- 


ized in beehive ovens. It is interesting to note that some 
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800 beehives are being reconditioned at this time (Figure 
3). 

The by-product oven is one of the most elaborate and 
costly of masonry structures and must be erected with 
the closest attention to engineering details so that it 


- can withstand the severe strains incurred in its use. 


The ovens are long, narrow, silica brick chambers, in 
which the coal is coked by the combustion of fuel gas in 
flues built in the refractory brick walls which separate 


the ovens. Properly blended coals are charged into 


these coking chambers, where, by a process of destruc- 


tive distillation, the volatile matter is drawn off as gas 
and the residue in the oven is coke. 


GAS PROCESS IN COKE OVEN PLANT 


During the coking period the gas is drawn off together 


with entrained liquid particles, passing upward from the 


ovens through a “goose-neck’’ into the collecting main 


rom this point on it is subjected to conditioning treat- 
ments for the removal or reduction of the concentra- 


tion of the many compounds found in coke oven gas. 

The gas treatment at the Fairless Works is typica 
for most modern plants. Tar and water are removed b 
condensation in the collecting mains and _ prima 
coolers. Tar can be used in the open hearth as fuel, or 
can be sold or refined for various tar products. 
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Figure 3 — Mechanization has been applied to the modern beehive oven. 


Ammonia is next removed from the gas by a process 
of washing the gas with a dilute solution of sulphuric 
acid. Crystals of ammonium sulphate are built up in 
a controlled crystallization process to a desired size, 
removed, dried and sold to the fertilizer industry. 

further cooling of the gas in the “final cooler’ con- 
denses out naphthalene which is recovered and sold as 
such. 

The various light oil constituents are next removed 
from the gas by absorption in a wash oil. These light 
oils are known as the B-T-X (Benzene, Toluene, Xy- 


coking coal with low sulphur content are becoming de- 
pleted, thus creating a problem for both coke and gas 
users. Part of this problem, so far as it is reflected by 
the high hydrogen-sulphide concentration can possibly 
he solved by gas purification. 

Some 90 to 95 per cent of the sulphur found in coke 
oven gas is found in the form of hydrogen-sulphide 
The remainder is commonly called ‘‘organic sulphur,”’ 
primarily found in the form of carbon disulphide and 
thiophenes. 


ure lene) portions are stripped from the wash oil, separated REASONS FOR DESULPHURIZATION 
and refined. They are used as the basic organic chem- 
and icals, solvents, dyes, ete. The presence of hydrogen-sulphide and other sulphur 
rith The coke oven gas remaining is divided at this point, a compounds in gas is objectionable for various reasons 
t it portion of it going back to the ovens for underfiring. Hydrogen-sulphide causes water to be corrosive, it is 
The rest being pressurized to 7 to 10 psig and distrib- also corrosive to gas handling mains, and is the prime 
in uted throughout the steel plant. cause of deterioration to valves, tubing and mechan- 
s in isms exposed to gas atmospheres such as meters, regu- 
rate PLANT LOCATION OF DESULPHURIZATION PLANTS lators, etc. The products of combustion of all sulphu: 
nto compounds contain sulphur dioxide and sulphur tri- 
ruc- Desulphurization equipment is normally placed in oxide, and these gases are corrosive and rather obnox- 
gas the system before the light oil scrubbers or after the ious in odor. For heating of open hearth furnaces and 
mill gas boosters. The actual location depends on other furnaces for handling steels, excessive sulphur 
whether or not the total coke oven gas is to be treated contents are of course undesirable, closer control of the 
or only the portion going to the open hearth or the total! furnaces being necessary with gases of higher sulphur 
portion going to the mill. The exact location must be content. The presence of sulphur compounds is unde- 
the: evaluated as part of the economics of a desulphurization sirable also in the “bright annealing’ of wire and 
the plant. similar products, the total sulphur in the gas being too 
ain [t is not our purpose here to delve into the economies great will cause an objectionable black scum to be 
eat of the desulphurization process, this would best be done formed on the surface of the metal. 
tra on an individual plant basis and would be highly af- 
. ‘ected by outside influences such as open hearth use of EARLY PURIFICATION PROCESS 
ica the coke oven gas, size of the by-product plant, the 
lb eed for an assured source of sulphuric acid, the hydro- Very shortly after coal gas was first introduced for a 
1al en sulphide content of the gas and many other vari- domestic fuel, it beeame apparent that its sulphuric con- 
or les particular to a specific plant and operation. tent was a decided disadvantage. Milk of lime was 
\t present, the industry’s reserves of the high grade utilized for removing the sulphur compounds as early as 
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1809, just two years after gas was first introduced for 
street lighting. As one can well imagine, the equipment 
using milk of lime would become plugged with solid 
deposits and much trouble was encountered. The Milk 
of Lime process, however, was the first known gas puri- 
fication process, and from the date of its introduction to 
the present time, there has been a continuous effort by 
gas industry people to develop processes more effi- 
cient, less expensive, requiring less labor and if possible, 
utilizing the sulphur removed from the gas at a profit. 

In general, modern processes for the removal of hy- 
drogen sulphide can be classified into two major groups, 
namely, the dry and liquid processes. 


DRY DESULPHURIZATION PROCESSES 


Use of iron oxide for the desulphurization of gas was 
developed by Laning and Hills and patented in 1849. 
About fifteen years later, lime purifiers in continental 
Kurope were being replaced by iron oxide boxes and 
around 1890 iron oxide boxes began to appear in the 
United States. Methods for the chemical preparation 
of oxides have been steadily improved to yield better 
products and as a result, all types of iron oxide puri- 
fiers remain in use. The basic design of the oxide puri- 
fiers have not changed fundamentally since the early 
installations, however, with closer control and = im- 
provements in type of oxide, their capacities have been 
increased. 

The classic dry iron oxide box method for combined 
hydrogen sulphide absorption and oxidation to ele- 
mental sulphur was developed for practical use in the 
1860's and is still in general use. In this process, the gas 
is merely passed through the beds of a loose material 
such as wood shavings mixed with an active iron oxide. 
The solid oxide reacts with the hydrogen sulphide to 
produce ferric sulphide and water. Passage of the gas 
through the oxide is continued until some hydrogen sul- 
phide is not absorbed and carries through in the outlet 
gas. The oxide is then regenerated by contact with air 
and can be used for purifying more gas. 

The cycles of fouling and regenerating are continued 
until the activity of the oxide drops too low to justify 
further use. This is caused by tar deposits agglomerat- 
ing the oxide particles and by the dilution of oxide by 
the sulphur deposits and loss of a portion of the iron 
which reacts with the cyanide in the gas and cannot be 
regenerated by exposure to the air and will not react 
with hydrogen sulphide. 

I’. W. Steere in 1919 developed what is known today 
as the Steere formula for the design of oxide boxes. 
The formula allows for the several variables required 
in the design of boxes and designates the proper “‘fi- 
nagle factors’? for the number of boxes in a set and for 
the grains of hydrogen sulphide per 100 cu ft found in 
the gas. 

The conventional oxide box process, although simple 
and reliable in its operation, has disadvantages due to 
its large size, ground space requirement and the time 
and work required to change the oxide. Some attempts 
have been made to design equipment more compact and 
to provide continuous operation. 

One modification in design of the equipment is 
known as the Thyssen-Lenz tower purifier and has 
found some use in a number of European gas plants. 
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An installation using the Thyssen-Lenz principle con- 
sists of a number of tall circular towers, each tower con- 
taining a series of specially constructed baskets placed 
one on top of the other. The gas passes through the 
baskets containing purifying material and operates 
similar to the process of the conventional oxide boxes. 
The baskets are arranged so that the purifying ma- 
terial can be replaced in a shorter time. 

Another type tower used porous briquettes of puri- 
fying material. The briquettes were removed from time 
to time from the bottom of the tower, the sulphur ex- 
tracted and the fresh briquettes fed back to the top of 
the tower. This idea did not get further than the pilot 
plant stage. 

Many other attempts were made using various puri- 
fying materials but the iron oxide box process seems to 
remain the most popular of the dry methods of re- 
covery. 

Liquid processes for the removal of hydrogen sul- 
phide have been developed in an attempt to avoid the 
drawbacks of the dry processes. 


LIQUID PROCESSES 


Probably the earliest liquid process after the original 
milk of lime purifiers, was in 1880 when Hill and Claus 
attempted to use ammonia liquor as a removal agent 
and then heated the liquor to expel the hydrogen sul- 
phide. Other early liquid processes, such as that of 
gluud, were based on the use of iron oxide and _ nickel 
oxide in alkaline suspensions for absorbing the hydro- 
gen sulphide. The sulphur yielded from these processes 
was not of high purity and the entire systems were com- 
plicated by the presence of various cyanide compounds. 

One of the first successful liquid purification proc- 
esses is known as the Seaboard soda liquid purifica- 
tion process, and was first placed in operation on a 
plant scale in 1920. Because of the extreme simplicity 
and low operating cost, the process found wide favor in 
the gas industry. The gas is washed with a solution of 
sodium carbonate which, upon contact with the gas, 
forms sodium bisulphide and sodium bicarbonate. 
The fouled solution can then be actified by passing air 
through it, the hydrogen sulphide is carried off in the 
air and the sodium carbonate reformed and ready for 
purifying more gas. 

In practice, the process is carried out by circulation 
the sodium carbonate solution continuously through a 
tower built in two sections: the absorber, in which gas 
is purified, usually above, and the actifier, below. Both 
sections are packed with wooden hurdles over which the 
solution flows. Actified solution is sprayed in at the top 
of the absorber, the fouled solution leaves the base of 
the absorber through a seal and flows by gravity in- 
to the top of the actifier. From the base of the actifier 
the solution is pumped back into the top of the absorber. 

About three volumes of air per volume of gas puri- 
fied are usually blown through the actifier by a fan. 
The volume of solution circulated depends to some ex- 
tent on the degree of purification desired and on the 
concentrations of hydrogen sulphide in the gas. 

In a single stage 85 to 95 per cent of the hydrogen 
sulphide can be removed from the gas, purification can be 
completed by means of an oxide catch box or a second 
seaboard absorber. The second stage absorber will in- 
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Figure 4 — Flow diagram for gas purification by hot actification process. 


crease the recovery to as high as 97 to 98 per cent. 

The Seaboard process is simple and requires a mini- 
mum of attention, but it must be remembered that the 
value of the process is based entirely on the removal of 
the hydrogen sulphide from the gas since the concentra- 
tion of sulphur in the air from the actifier is too low for 
commercial recovery. The greatest limitation to the 
Seaboard process is the disposal of the hydrogen sul- 
phide bearing air. In spite of the limitations, the process 
is the cheapest means of removing up to 95 per cent of 
the hydrogen sulphide from fuel gases where the ex- 
penditure for equipment for sulphur recovery is not 
justified and where a simple satisfactory method of dis- 
posal of the effluent air may be found. 

The requirements of the recovery of hydrogen sul- 
phide for the manufacture of sulphuric acid brought 
about the development of many processes including 
nickel sul- 
phur, girbitol, phosphate, ammonia, phenolate and 
many other proposed processes some of which have not 
gone past experimental stages. 

Many processes have been developed and some ex- 
panded on for the recovery of hydrogen sulphide from 
the manufactured gas as ammonium sulphate and crude 
sulphur, such as the gluud combination process, and the 
koppers gas process which was the forerunner of the 

etter known thylox process. 

Thylox process 


hot vacuum actification, thylox, ferrox, 


The thylox sulphur recovery proc- 
ss uses the counter-current flow principle of liquid 
ind gas to remove the hydrogen sulphide, the gas being 
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scrubbed with a clear solution of sodium thio-arsenate 
dissolved in water. 

a thio- 
nizer where the foul solution meets a flow of compressed 


The actification of the solution is effected in 


air. The air is finely dispersed in the column and oxi- 
dizes the thioarsenate salt to its original composition 
with the liberation of free sulphur. The sulphur which is 
collected as a sludge is filtered to remove excess liquor 
and then prepared for agricultural sprays or cast as 
crude sulphur. 

The most popular of the liquid processes today is the 
hot actification sulphur recovery process. 

Hot actification process—In this process, steam is used 
as the desorbing or actifying agent in the contact tower 
in place of the air used for the same purpose in the Sea- 
board process. See Figure 4. 

The solution can be actified under atmospheric pres- 
sure or under a partial vacuum, the use of a partial 
vaccum decreasing the steam demand by as much as 
8S) per cent. 

The general principles of the Seaboard process and 
the vacuum carbonate process are similar, both being 
absorption-desorption processes, the prime differences 
between the two are, first, the steam at a reduced pres- 
sure is the desorbing vapor instead of air, and this steam 
is generated by boiling the liquid in the base of the ac- 
tifier: second, condensers are placed at the vapor lines 
leaving the actifier to condense the steam and separate 
it from the hydrogen sulphide; third, a vacuum pump 
is operated to maintain the desired vacuum and to de- 
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liver the recovered hydrogen sulfide to the utilization 
equipment; fourth, actification occurs at high tem- 
perature and coolers are required on the actified solu- 
tion; fifth, hydrocyanic acid is recovered with the hy- 
drogen sulphide and sixth, oxidation to form thiosul- 
phate and thiocyanate does not occur. 

The principal equipment comprising a hot actifica- 
tion purification plant are: 

1. Sulphur Serubber—Where the soda solution re- 
moves the hydrogen sulphide from the gas. 

2. Actifier—Where the hydrogen sulphide is re- 
leased from the solution and the foul solution is ac- 
tified. 

3. Reboiler-—-Where vapor is generated from the 
soda solution, for releasing hydrogen sulphide from the 
solution in the actifier. 

1. Condenser After Actifier—Where most of the 
water vapor is condensed out from the vapors leaving 
the actifier. 

5. Steam Jet Vacuum Pump—Which maintains a 
vacuum in the actifier, and discharges hydrogen sul- 
phide to the furnace or to process. 

6. Soda Solution Heat Exchanger—Where the acti- 
fied soda solution leaving the actifier transfers some of 
its heat to the foul solution entering the actifier. 

7. Soda Solution Cooler—Where the actified solution 
is cooled before it returns to the solution in circulation. 

Briefly running through the flow of the process, 
the foul solution is pumped continuously from the bot- 
tom of the absorber or scrubber through the soda solu- 
tion heat exchanger where it is heated by the solution 
leaving the actifier, and enters the actifier near the top. 
The descending solution in the actifier passes over trays 
and is stripped of hydrogen sulphide by the vapors gen- 
erated in the reboiler. Good actification is essential for 
obtaining maximum removal of hydrogen sulphide from 
the gas and good actification depends on maintaining a 
high vacuum in the actifier. The vapors leaving the 
actifier pass through a condenser and coolers to remove 
a majority of the steam. The actified and cooled soda 
solution enters the top of the scrubber through spray 
compartments against the ascending gas, the major por- 
tion of the hydrogen sulphide in the gas reacting with, 
and dissolving into the solution. The cycle then repeats 
itself, 

The resulting gases from the actifier pass through the 
vacuum pump and are ready for further processing. 

The hydrogen sulphide from the actifier is accom- 
panied by a small amount of ammonia left in the gas 
from the absorbers, most of the hydrogen cyanide, and 
some of the carbon dioxide from the gas 

When the hydrogen sulphide is used for the produc- 
tion of sulphuric acid by the contact process, serious 
corrosion troubles will be encountered, probably caused 
by the combustion products of the ammonia and cy- 
anide. The difficulties can be eliminated by compress- 
ing the vapors from the actifier and washing them in a 
scrubber with fresh water. Substantially all the cy- 
anide and ammonia will be removed. The small amounts 
of hydrogen sulphide and carbon dioxide dissolved in the 
scrubber can be removed from the cyanide solution in a 
stripping column. 

The hydrogen cyanide can either be sprung from 
solution by the desulphurized coke oven gas and burned 
at the ovens, distilled and absorbed in sodium hydrox- 
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ide to produce concentrated sodium cyanide or scrubbed 
with soda as to form ammonia thiocyanate which is basi- 
cally a weed killer. 

For those interested in more actual operating details 
of the hot vacuum actification process, an excellent 
paper on the subject was presented before the American 
Coke & Coal Chemicals Institute, May 16, 1955, by 
J. K. Kurtz, superintendent of the Coke & Coal Chem- 
ical Plant at the Sparrows Point of Bethlehem Steel. 

The adoption of the hot actification process elimi- 
nates the limitations found in the Seaboard process, in 
view of the fact that the sulphur recovered as hydrogen 
sulphide is available for manufacture of sulphuric acid; 
the side reactions are eliminated because of the lack of 
oxygen in the actifier, the hydrocyanic acid passes 
through without reaction and is recovered with hydro- 
gen sulphide and the seaboard process problem or dis- 
posal is eliminated since the hydrogen sulphide is re- 
covered for use. 

The various processes that employ steam for actify- 
ing the solution used to absorb hydrogen sulphide from 
gas, recover gaseous hydrogen sulphide product. The 
recovered product can be utilized as: (1) hydrogen 
sulphide as such, (2) as sulphuric acid, or (3) as ele- 
mental sulphur. 

The use of hydrogen sulphide as such is restricted by 
the fact that it must be compressed in steel cylinders for 
shipment. Some study has been made regarding the ap- 
plication of hydrogen sulphide in agriculture as fungi- 
cide, at the present, however, the use of hydrogen sul- 
phide as such is limited. 

Recovery of hydrogen sulphide for the manufacture 
of sulphuric acid can be accomplished in a contact acid 
plant. 


MANUFACTURING SULPHURIC ACID 


This type of acid plant for the manufacture of sul- 
phuric acid from hydrogen sulphide was developed by 
Phillips, an Englishman, in 1831, however, the first 
plant did not show up in the United States until after 
1900. By that time the method had become important 
in Europe for the manufacture of high strength acid 
needed in the dye industry. By 1930 the Contact process 
had been proven in the United States and is now in 
general use. About 1940, the Lurgi people in Germany 
developed a wet process plant for the production of 
60° Be sulphuric acid from hydrogen sulphide at a lower 
initial and operating cost than the conventional sys- 
tems. About 40 plants have been erected in Europe with 
capacities ranging from 5 to 30 tons. 


SUMMARY 


Interest in removal of sulphur from coke oven gas fo! 
industrial use is increasing, owing both to the increasing 
concentrations in the gas from the higher sulphur coals 
and to recognition of the benefits which result in many 
manufacturing processes from the use of low sulphui 
gas. As far as the by-product coke ovens serving th 
steel industry are concerned, the best process is on 
that will not only purify the gas as much as necessary 
for mill purposes, but also recover the sulphur for us 
in the plant and mill together with any other useful by 
products which may be sold at a profit. 
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DISCUSSION 


PRESENTED BY 


W. H. COLLISON, Plant Superintendent, Blast 
Furnaces and Coke Works, Great Lakes Steel 
Corp., Ecorse, Detroit, Mich. 


DWIGHT K. TAYLOR, Western Division Manager, 
Connelly, Inc., Chicago, III. 


DONALD C. COLEMAN, Superintendent Coke and 
Coal Chemical Works, United States Steel 
Corp., Fairless Works, Fairless Hills, Pa. 


W. H. Collison: At Great Lakes, with low sulphur 
coals, the sulphur content of coke oven gas is not high, 
about 385 gr H.S per hundred cu ft. After purification 
and after mixing with blast furnace gas to 385 Btu, the 
gas delivered to the mill will average about 90 gr H.S. 
This results from gas of 150 gr H.S content being mixed 
sixty per cent coke oven gas and forty per cent blast 
furnace. This has been acceptable to the mill. With the 
completion of a fourth battery of coke ovens, straight 
coke oven gas will be pumped to mill and the 150 gr 
level may not be satisfactory. 

Two desulphurization processes are operated, one in 
old coke plant, the other in new. The old plant, with the 
weak liquor system of recovering ammonia, is particu- 
larly fitted to the ammonia liquor process of desulphuri- 
zation and that process is used. The new plant has the 
soda ash process with hot actification, with a flow sheet 
very similar to the one presented by the author. By- 
product sulphur is not recovered, the only aim being to 
make a gas suitable for the mill. 

Since Great Lakes is located in an urban area with 
several sources of hydrogen sulphide, including ground 
water from a certain stratum, it is necessary to burn the 
hydrogen sulphide gas. In the old plant, an aluminum 
pipe carries it to the blast furnace gas main for under- 
firing the ovens. In the new plant it is burned in a 
Dutch oven at the base of the stack, with coke gas pilot 
light. 

Both processes have operated satisfactorily, but are 
limited to about 70 per cent removal. Maintenance ex- 
perience on the soda ash system is too limited to draw 
conclusions. The ammonia liquor system has shown 
conclusively that heavier cast aluminum is necessary in 
the actifier column, instead of lighter aluminum plate. 


Dwight K. Taylor: Our business is the manufacture 
of the material that goes into the dry boxes, so every- 
thing that I say is prejudiced and you must remember 
this point of view when considering my remarks. 

I would like to make one or two comments. Not only 
are steel men getting extremely quality-conscious, but 
they are studying every subject which in any way will 
iffect quality. 

The bright annealing of steel is a subject you are all 

orking on. In many places the sulphur content in the 

(mosphere gas is recognized as a “little red devil” that 
iuses a lot of trouble, so you want to get rid of it. 

I feel the Seaboard process is the best for large 

lume work, but in order to get the last five or ten per 

nt of H.S out you must double the size of the plant. 
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It is one of those curves that comes down and goes out 
almost asymtotie to the axis. So you can take 90 per 
cent—and some people say you can take out 92 per 
cent—but if the last bit of H.S is going to cause trouble, 
you have to use an oxide catch box to remove it. If 
such a box is operated properly you come out with a gas 
having less than 0.01 gr of sulphur. You have been told 
for many years that it could be below a quarter of a 
grain, but no one knew how low it was until a few years 
ago the Bureau of Mines laboratory in West Virginia 
developed a new methylene blue test for the careful 
analysis of very small amounts of H»S in gas. So we can 
now tell what the oxide will really do. 

In 1874 our company was started but we have really 
found out more about how to make a good material and 
how to operate it in the last ten years than we did in all 
that previous time. 

One thing we must do is to make an economic study. 
The quantity of gas to be purified is a great factor. We 
believe that the oxide process can be proved more 
economical, if the amount of gas to be treated is below 
20,000,000 cu ft per day, principally because investment 
costs have gone up so fast. Yes, labor and operating 
costs have gone up, too, but investment costs have gone 
up more. 

This recent development of the vacuum process, as 
combined with the Seaboard, is a good one. It really re- 
volutionizes the process. However, if you have below 
about ten tons of sulphur per day, it is not economical to 
make sulphuric acid because your investment in sul- 
phuric acid manufacturing equipment is too great. If 
you put the hydrogen sulphide through a furnace and up 
a stack as he mentioned, it immediately changes it ove 
to St Jo, SO it goes out in the neighborhood. So you build 
a stack 200 ft high and hope it will blow away. 

There is one other little point I must mention. The 
Steere formula which was developed around the early 
1920's was the first real engineering way to calculate the 
right size of the purifier, but since that time the ca- 
pacity of the material—of our competitors’ as well as 
ours—has been tripled, and therefore the Steere for- 
mula produces a purifier box which is about three times 
bigger than it needs to be today. If anyone has prob- 
lems on purifier design, either we or our competitors 
will be only too glad to give you the up-to-the minute 
capacity information. 


Donald C. Coleman. The various methods by which 
sulphur is removed from coke oven gas, is however, not 
the real problem as far as the coke plant operator is 
concerned. As he has pointed out, we can remove the sul- 
phur from the gas up to 100 per cent, but in order to in- 
stall such a process it is necessary to justify its cost 
It is very easy for a steel mill operator to say “‘we want 
gas with no sulphur” but when the coke plant operator 
tries to justify a plant to satisfy that demand he has to 
pul a dollar value on the resultant additional cost. 

If it is necessary to desulphurize the gas down to any 
point, or to zero, then the persons who expect to use 
that gas are the ones who should justify the additional 
cost. Therefore, I would like to have steelmakers really 
think about this question seriously, because they are the 
ones who should put the dollar value on the sulphur re- 
moval. If you cannot justify it neither can the coke 
plant operator. 
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BIRMINGHAM SECTION 


Monday, March 25, 
S:00 P.M. 


1957—Dzinner 6:30 p.m., Meeting 


‘Trends in Electrification and Automation of Steel Plant Proc- 
esses,” by William FE. Miller, Manager of Steel Mill 
Systems, Application Engineering Section, General Electric 
Co., Schenectady, N. Y 


Thomas Jefferson Hotel, Birmingham, Ala. 


BUFFALO SECTION 


Tuesday, March 12, 1957 
S:00 PLM. 


-Dinner 6:30 p.m., Meeting 


‘‘The Forming of Flanged and Dished Heads,”’ by Harry 8. Beers 
Superintendent Flanging Dept., The Colorado Fuel and 
Iron Corp., Claymont, Del 


Hotel Sheraton, 715 Delaware Avenue, Buffalo, N. Y. 


CHICAGO SECTION 


Tuesday, March 5, 1957—Dinner 6:30 p.m., Meeting 


7:30 P.M. 


“Effect of Industrial Developments in the Calumet Area on 
Power Requirements,” by R. M. Schahfer, Chief Engineer 
and Vice-President, Northern Indiana Public Service Co., 
Hammond, Ind. 

Phil Smidt’s Restaurant, 1205 North Calumet Avenue, 

Hammond, Ind. 


CLEVELAND SECTION 


Tuesday, March 19, 1957 
S:00 PLM. 


Dinner 6:30 p.m., Meeting 


‘‘History and Development of the Cuyahoga River,’’ by Harry 
Hobart, Department of Port Control, City of Cleveland, 
Cleveland, Ohio 

The’ University Club, 3813 Euclid Avenue, Cleveland, 

Ohio 


DETROIT SECTION 


Tuesday, March 12, 
S:00 P.M. 


1957—Dinner 6:30 p.m., Meeting 
(jreat Lakes Steel Night 


Desulphurization of Blast Furnace Iron,’ by B. G. Gray, Air 
Reduction Co., Chicago, I. 


Dearborn Inn, 20301 Oakwood Blvd., Dearborn, Mich. 


LOS ANGELES SECTION 


Data not available 


PHILADELPHIA SECTION 


Saturday, March 2, 1957—Dinner 6:00 p.m., Meeting 


7:00 P.M. 
‘Fuels Contribution to an Increase in Open Hearth Capacity,”’ 


by C. W. Dunn, Superintendent Utilities Dept., United 
Steel Corp., Fairless Works, Fairless Hills, Pa. 


“Extended Hearth Increases Furnace Capacity,’’ by Charles D. 
Guth, Furnace Design Engineer, Lukens Steel Co., Coates- 
ville, Pa 
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CURRENT AISE DISTRICT SECTION MEETING NOTICES 


“Increasing the Capacity of Old Open Hearth Shops,” by M. k 
Morris, Assistant Superintendent No. 2 and No. 4 Open 
Hearths, Bethlehem Steel Co., Bethlehem, Pa. 


Engineers’ Club, 1317 Spruce Street, Philadelphia, Pa. 


PITTSBURGH SECTION 


Monday, March 11, 1957—Social 
Dinner 7:00 p.m., Meeting 8:00 P.M. 


Hour 6:00 P.M., 


Rolling Mill Slipper Symposium 
“Problem,’’ by Alex Montgomery, Jr., Assistant to Vice-Presi- 
dent—Rolling, United States Steel Corp., Pittsburgh, Pa. 


‘‘Maintenance,”’ by Frank O. Phillips, Assistant to Vice-Presi- 
dent—Steel Maintenance Planning, United States ‘Steel 
Corp., Pittsburgh, Pa. 


“An Application,’’ by A. B. Millman, Superintendent of Main- 
tenance, Jones & Laughlin Steel Corp., Aliquippa, Pa. 


“Design,” by F. J. Gleve, Assistant Chief Engineer, United 
Engineering and Foundry Co., Pittsburgh, Pa. 


‘‘Materials,”’ by R. J. Severson, Assistant General Sales Manager, 
Ampco Metal, Inc., Milwaukee, Wis. 


University Club, University Place, Pittsburgh, Pa. 


ST. LOUIS SECTION 


Wednesday, March 27, 1957—Social Hour 6:00 P.M., 

Dinner 7:00 p.m., Meeting 8:00 p.m. 

‘Advanced Methods of Coil Construction and Motor Winding 
Practices,’ by D. FE. Stafford, Chief Engineer, National 
Electric Coil Co., Columbus, Ohio 


Elks Club, Granite City, Ill. 


SAN FRANCISCO SECTION 


Tuesday, March 19, 1957—Social 
Dinner 7:00 p.m., Meeting 8:00 p.m. 


Hour 6:00 P.M., 
Kaiser Steel Corporation Night 


‘Nuclear Energy in the Steel Mill,’ by P. J. Selak, Acting 
Division Manager, Nuclear Engineering, Kaiser Engineers, 
Inc., Oakland, Calif, 

Shattuck Hotel, Durant and Shattuck Streets, Berkeley, 

Calif. 


UTAH SECTION 


Monday, March 11, 1957—Social 
Dinner 7:30 p.m., Meeting 8:30 p.m. 


Hour 6:30 P.M.. 


“Application of Speed Regulators for Hot Strip Finishing Mills, 
by L. E. Ringger, General Supervisor, Electrical Engineer- 
ing, and G. §S. Koss, Assistant General Superintendent 
tolling Mills, Columbia-Geneva Steel Div., United States 
Steel Corp., Provo, Utah 


Skvlinker Cafe, Provo, Utah 


YOUNGSTOWN SECTION 


Monday, March 25, 1957—Social 
Dinner 7:00 p.m., Meeting 8:00 p.m. 


Hour 6:00 P.M. 


“The Problem of Water Conservation and Stream Pollution in 
the Steel Industry,” by John E. Kennedy, Sanitary Kngineet 
ing Consultant, Ann Arbor, Mich. 


Mahoning Country Club, Girard, Ohio 


lron and Steel Engineer, February, 1957 





























































* 


Or 
ori 
sit 
tio 
he 


sa 





Four Open Hearth Furnaces designed 
by Rust for Lone Star Steel Company's 
modern steel mill at Lone Star, Texas 


a 











ding | | in design and construction of 


onal 


metallurgical 
furnaces 


Hundreds of installations, throughout the world, offer 
convincing proof of Rust’s leadership in furnace 


design and construction. For melting, reheating, or 
heat treating, you can rely on Rust for economical, 


—_— a eee ot automatic, trouble-free furnace efficiency. 
Rust for a Pennsylvania plant 
A Tipe for Lvety Weed 


ills,’ OPEN HEARTH FURNACES « SOAKING PITS + CONTINUOUS 
_, THE WHOLE JOE REHEATING FURNACES * CAR TYPE HEAT TREATING FURNACES «+ 
dent 1g ONE (TH 
tates = a 406 Wi A BOX ANNEALING FURNACES * CONTINUOUS PIPE ANNEALING * 
RUST PACKAGE CONTRACT CONTINUOUS STRIP ANNEALING *GALVANIZING * WIRE PATENTING * 
ROLLER BOTTOM HEAT TREATING SPECIAL FURNACES FOR SMELTING, 
ORE THAWING, POLYMERS DISPOSAL, COAL DRYING, AND OTHER USES. 


One contract covers everything from 
original idea to start-up. One respon- 
sibility for design, manufacture, erec- 
tion and initial operation. One over- 


head and one profit (with substantial Rust Furnace Company 


Savings to you) on all phases of the ae, tn a~ 
, . - = ( / Covzee2? 42 tA (ace & St DGtt 
work, including wiring and piping. i. - mace “ee i 


Rust Building e Pittsburgh, Pa. 





NEW “BOX LUNCH” of NICKEL ALLOY 





speeds feeding of electric furnaces 





L£L£O 


METAL PRODUCTS, Inc. 


PHONE 6-2561 @ TELETYPE DV 588 


26 nickel alloy pigs, each weighing about 50 pounds, 
travel inside this new palletized package. Weight and 
certified analysis are in plain view at all times. 

All fiberboard, it can go into the electric furnace 
“as is.” It weighs only 14 as much as a wooden 
pallet. Saves on transportation costs. Discourages 


pilferage. Speeds handling. 


Users are already enthusiastic about this 

new nickel alloy package. Like the quality product it 
contains, it serves as a further example of the 
exacting care Alloy Metal Products, Inc., exercises 


in every phase of the production of alloy metals. 


If you are still using scrap for your alloy require- 


ments, ask us about Alloymet pig of certified analysis. 










ROCKINGHAM ROAD 
DAVENPORT, 10WA 


World's largest producer of secondary nickel alloys of certified analysis 
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AWhat is believed to be the largest 
open hearth furnace in the world was 
tapped Saturday, December 22, 
1956, by the Weirton Steel Co., 
Division of the National Steel Corp. 
at Weirton, West Va. This furnace 
was designed and built by Loftus 
Engineering Corp., Pittsburgh, Pa. 
With a rated capacity of 600 tons, 
this furnace will be the fourteenth 
and largest open hearth to be in- 
stalled in Weirton Steel’s open 
hearth shop which is one of the high- 
est producing single open hearth 
shops in the world. 

To house the new furnace it was 
necessary to construct a 126-ft addi- 
tion to the open hearth building 
which now has overall dimensions 
of 3120 ft by 190 ft. 

The new furnace incorporates the 
most modern engineering features in 
design, automatic controls and auxil- 
lary facilities. The furnace is a 
rectangular brick and steel structure 
vith outer wall dimensions of 26 ft, 
9 in. in width and 108 ft, 6 in. in 
ength. The hearth area is 1485 
sq ft. Bath dimensions are 18 ft, 6 
n. In width by 75 ft in length with 

depth tapering to the maximum 
13 ft, 716 in. at the center. 

The No. 14 furnace has seven 

harging doors compared with five 

oors in most smaller furnaces. De- 
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Figure 1 — New furnace has a rated capacity of 600 tons. 





New Production records are expected from the unit. 


Weirton Steel Puts 





New 600-Ton Open 


Hearth in Operation 


signed for a scrap and hot metal 
charge, the water-cooled doors are 
each six ft wide by more than five ft 
high above the sill line. The doors 
are so spaced that front flushing 
may be done on two doors simul- 
taneously. These doors, together 
with special water-cooled reversing 
valves and dampers, are among the 
largest pieces of water-cooled equip- 
ment ever fabricated for this pur- 
pose. It can be fired with oil or tar. 
Provision has been made for the use 
of oxygen as an aid to combustion. 
Area of the checker heating surface 
is 38,600 sq ft with an input of 
150,000,000 Btu per hr. Air enters 
the furnace’s hearth area through 
two uptakes, each of which have 


dimensions of 8 ft, 6 in. by I1 ft, 6 
in. The furnace ends are of the 
suspended basic brick type. 

After the waste gases pass through 
the furnace, there is still a consider- 
able amount of sensible heat left that 
is utilized in a double drum, water 
tube, waste heat boiler, having a 
capacity in excess of 30,000 Ib of 
steam per hr at 225 psi. The waste 
gases are then vented through a 
self-supporting steel stack that has 
a minimum inside diameter of ten 
ft with a height of 250 ft. The waste 
heat boiler is equipped with auto- 
matic sequential soot blowers that 
force the soot into the furnace flue 
system where it is picked up with 
checker and flue dust by two soot 
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elevators that lift it for direct dis- 
charge into side-dump railway cars 
for disposal. 

Actual fur- 
nace wasaccomplished in the remark- 


construction of the 


ably short time of less than a year, 
despite serious setbacks in the de- 
livery dates on the structural steel 
and plate required for the project. 
At the same time that the building 
extension, with craneway, was being 
erected construction of 
the furnace, together with auxiliary 
equipment was performed by Loftus 
Kngineering Corp. without interfer- 


overhead, 


ing with operations of the steel com- 
pany. The charging floor and tracks 
were supported by means of a sturdy 
piling and 
contractor Was 


system of temporary 


bracing, while the 
installing substantial substructures 
and foundations. 

It is expected that this furnace 
may well shatter production records 
and its performance will be watched 
closely by the industry. 


AA central station for relining open 
hearth furnace doors, set up in early 
1953 at the Gary Steel Works of 
United States Steel Corp., has led to 
i substantial increase in door lining 
life and has contributed to greater 
steel production. 

The average number of heats per 
door lining, for 50 furnaces in four 
open hearth shops, is now approxi- 
mately 35 per cent greater than it 
was when the program began. Be- 
cause of this consistent and substan- 
tial increase in door lining life, the 
average number of doors lined per 





Figure 2 — First tap on new open hearth was made on December 22. 


Central Station Relining Unit 
Cuts OH Door Costs at Gary 


ately with a resultant saving in door 
lining and labor 
ewer door changes have resulted in 
less furnace fuel-off time and have 
reduced the work load on charging 
floor cranes. These have been impor- 


material costs. 


tant factors in increased steel pro- 
duction rates. 

The central door relining station 
was established at the Gary Works 
primarily because the individual 
three with 14 furnaces, one 
with eight furnaces—seemed unable 
to keep up with demand for doors. 
Life of linings was erratic. The con- 


shops 





month has decreased proportion- stant pressure for doors was leading 
TABLE | 
Door Lining Life—Heats per Lining 

1954 1955 1955 1955 1955 1956 1956 1956 

Fourth First Second Third Fourth First Second Third 

Shop Quarter Quarter Quarter Quarter Quarter Quarter Quarter Quarter 
No. 1 OH 67 81 93 92 83 103 105 95 
No. 3 OH 77 79 92 95 97 97 93 97 
No. 4 OH 73 76 90 94 95 89 106 106 
No. 5 OH 98 96 105 129 130 128 120 136 
Average 78 82 94 99 97 102 104 107 
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to ill-advised shortcuts, such as fail- 
ure to clean doors properly before re- 
lining, inadequate venting of the lin- 
insufficient 
operations 


ing, and drying time. 
Relining handi- 
capped by insufficient preparation 
space, inadequate crane service, and 


were 


lack of close supervision. 

The control and uniform practice 
of the present arrangement enable 
the relining station to turn out from 
eight to ten doors a day with a crew 
of six men on a single shift. The sta- 
tion, under the supervision of the 
open hearth 
ment, is located in an area equipped 


maintenance depart- 


with an overhead traveling crane, 
used to move doors quickly and 
easily. With the exception of the 
gang leader, the men on the crew 
rotate job assignments informally. 
Crew size is often increased or de- 
creased with any substantial change 
in demand for doors. 

The work cycle at the central sta- 
tion starts when doors removed from 
furnaces for relining are placed in 
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P-G STANDARD 
Steel Grid Resistor 

















steel Grid Resistor 


plays an essential part 
in the production of steel 


Built for severe service conditions 
Protects vital electrical equipment 

Constant ‘trouble free’ performance 

Quick adjustments easily made 

P-G WELDED 

Steel Grid Resistor 

P-G Resistors for Internal Mounting 

in Face Plate Controllers 


Standard Units for 2 to 25 
H. P. Motors. Also supplied for 
external mounting. 


a 





ese 


P-G Resistors for 
SAFETY LIMIT STOPS 

Available in standard ynits 
for any size motor. 


Save valuable mounting space . i to Nae 
switches in a single enclosure . . Overall te 
less than 22” on four-unit Switch. e sal 
Send for Bulletins : * 


a 
THE POST- GLOVER ELECTRIC COMPANY 


) ABLISHED 1892. 


221 WEST THIRD STREET, CINCINNATI 2, OHIO 
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Here's a brand new high voltage contactor... 
incorporating the same design simplicity on 
which the ‘‘Quality"’ reputation of Allen-Bradley 
motor control is based. Like the Allen-Bradley 
control having a rating of 600 volts a-c maxi- 
mum, the new 5000-volt air break switch is of 
the solenoid type, has only one moving part, and 
thus, is assured a mechanical life of millions of 
operations. The silver alloy contacts are also 
double break, and remain in perfect operating 
condition irrespective of the frequency of opera- 
tion or whether they are used in reversing or 
jogging service. 








NOTE THESE FEATURES— 


@ ONLY ONE MOVING PART—Simple solenoid de- 
sign eliminates all pins, pivots, and flexible ‘jumpers.”’ 


@ COMPACT—Unique design and development in 
new materials made possible a switch of unusually 
small size. 


@ DOUBLE BREAK, SILVER ALLOY CONTACTS— 
Require no maintenance. There are no flexible jump- 
ers. Straight up-and-down motion assures good uni- 
form contact pressures. 


@ EASY ACCESS FROM FRONT—Easy to inspect. 
Routine maintenance operations require no special 


tools. 
Available for 2500 and 5000 aon 
volts. Interrupting capacity € FASTER ARC SUPPRESSION—Double break con- 


50,000 kva. tacts, new blowout design, and novel arc chute assure 
rapid arc extinction. 





ALLEN-BRADLEY 
toe ee) Mee) ba fo) 


Allen-Bradley Co., 1343 S. First St., Milwaukee 4, Wis 
In Canada—Allen-Bradley Canada Ltd., Galt, Ont. 
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Figure 1 — Layout of central door relining station. 


portable racks of 12-door capacity. 
When racks are full, they are carried 
to the relining station on skull cars 
pulled by engines. Sufficient space 
is available at the relining station 
for one rack from each shop. Doors 
then put on cleaning 
which support doors at an angle of 


are stands 
about 75 degrees. The old chrome 
ore refractory lining is chipped off 
Old 
studs, used to support the lining, are 
burned off flush with the lining 
plate, with an oxyacetylene torch. 
The doors are then moved to the 


with a compressed air tool. 


studding stand, which is very similar 
to the cleaning stand, and Nelson 
studs are end welded to the doors. 
The studs perform two functions 
on the doors. In 
addition to giving physical support 
to the lining, so that it will not fall 


monolithie-lined 


Figure 2 (left) — Approximately 280 studs, 1, in. in di- 
ameter and 41, in. long, are welded to open hearth 
doors at the central relining station set up in 1953 at 
the Gary Steel Works of U. S. Steel Corp. 
the doors on cleaning stands at an angle of about 


out or slump to the bottom of the 
door, the heat 
transfer medium, conducting heat 
through the lining plate to the cool- 
ing water. 

Originally, doors were laid flat for 
studding. It 
ever, that the stud welding operator 


studs serve as a 


was discovered, how- 
does not tire as easily, and therefore 
welds more studs, when doors are 
worked on in an upright position. 
Most of the Nelson studs used are 
'9 in. in diameter and 4!5 in. long, 
with 280 studs on 3-in. centers being 
used on a standard door. However, 
since a 34-in.-diam stud has a cross- 
section area 214 times greater than 
that of a !5 in. stud, experiments are 
being conducted with the larger size. 
Studded doors are laid flat and 
manifold to 
The plastic chrome 


connected to a steam 


check for leaks. 


Placing of 
75 





degrees is an innovation at the central station. 
ure 3 (right) — Venting with a five-pronged home- 
made tool is the last step before drying at the central 
station for relining open hearth furnace doors at the 
Gary Steel Works of U. S. Steel Corp. 





ore, stored in standard 200-lb con 
tainers in an adjacent room, is then 
worked be 
tween the studs and finally rammed 


shoveled into the doors, 


with a pneumatic tamper. Two com- 
plete passes of the tamper over the 
surface usually produce maximum 
density. The lining is then vented 
With a tool 
21 


home-made with five 
l4-in. diam prongs on 
ters 

high for 


extends 


Doors are stacked 
drying. A manifold 
the length of the drying line, with 


door inlets and outlets connected, so 


Pour 


steam 


as to allow steam to enter the top 
exhausted through the 
bottom door. Drying time is at least 
{8 hours. 

Experience at the Gary Works has 


door and he 


shown that steam entering the doors 


should have a temperature of at 
least 275 F if the linings are to dry 


properly. In turn, proper drying has 
been shown to be very important in 
\ctu- 
ally, steam temperatures as high as 
175 to 525 F are 
available 

\fter being dried for 48 hours, the 
door lining Is tested hy tapping it 
with 


lengthening door lining life 


recommended, if 


a hammer. If a ringing sound 


results, the lining is considered dry 
If the hammer produces a dull thud, 
the inner portion of the lining is con- 
sidered still moist and the door stays 
on the drying line 

Accurate lining 


records ol door 


life have been kept since shortly 
after the central relining station 
program was set up Kach time a 
door is relined, the gang leader 
marks down the blend of chrome ore, 


the door size, the type of door and 
type ol studs. Records also are kept 
of the date each door was purchased 
and the date it was scrapped. Lining 


life is summarized each quarter. 


Fig- 








A ELEVATING a machine weigh- 
ing 600,000 Ib and covering 1200 
sq ft of floor space with perfect 
accuracy was one of the challenges 
which confronted engineers at Blaw- 
Knox Co. when they designed a 
300-ton beam straightener, reported 
to be the world’s largest. The answer 
was six 50-ton 
connected in 


worm gear jacks 
series and powered 
by electric motors. At the touch of a 
push button, these jacks will raise 
or lower almost 300 tons a distance 
of 61% in. to accommodate varying 
sizes of beams, stanchions and joists. 

There are two sets of jacks on 
either side of the straightener, 
each set consisting of three jacks 
connected in series by shafting and 
i-way mitre gear boxes. Each set 
of the jacks, which are manufac- 
tured by Duff-Norton Co. of Pitts- 
burgh, is driven by a 7!4 hp motor. 

The beam straightener, now in- 
stalled at U. S. Steel’s Homestead 
(Pa.) Works, will straighten wide 
flange beams up to 24 in. in width 
and light 
joists down to six in. Five hundred 
horsepower drive the huge, 17-ft- 
high unit. It has rollers 36 
in. in diam and vertical edgers in 
the front and rear. The straightener 
has four top rollers, which can be 
individually adjusted vertically, and 
five lower All are adjust- 


beams, stanchions and 


nine 


rollers. 
able horizontally. 

The Duff-Norton jacks used on 
the straightener have a worm gear 
32:1. The 
34 in. per min. Two jacks are lo- 
cated under each end of the straight- 
ener and two are under the middle. 
The distance between each end is 
15 ft, 4 in. and each set of jacks is 
7 ft, 10 in. apart. 


ratio of screw lift is 


It was to make the 
the straightener ad- 
justable because the approach ta- 
bles in the Homestead Works’ 
structural mill are fixed. When a 
change is made in the size of the 
beams rolled, an 
lowers the 


necessary 


pass line on 


being operator 


raises or pass line to 
accommodate the difference. This 
can be done in a matter of seconds 
or minutes, depending on the 
amount of raise required. 

The worm gear jack system was 
found to be very efficient in the 
beam straightener. It is so efficient, 
in fact, it has been possible to 
elevate the entire unit with only 
one 7!5 hp motor instead of two. 
Moreover, 


no special engineering 


Figure 1—Six 50-ton worm gear jacks adjust the height of the pass line on this 





we 


300-ton beam straightener. They are driven by two 7'2-hp motors and 


are push-button controlled. 


Six Jacks Used to Elevate 
300-Ton Beam Straightener 


was required to design the jacks 
into the beam straightener. They 
are one of six standard 
produced by Duff-Norton. 

Although furnish the 
power to drive the worm gear jacks 
on the beam straightener and in 
most other applications, they also 
can be operated by hand cranks or 
hand wheels. Light loads may be 
lifted by using a handwheel. If a 
fine adjustment is required it can 
be obtained by using the largest 


gear ratio and largest 


models 


motors 


number of 
turns for one-inch raise. 
If a fast 


raise is needed, the 


lowest gear ratio and the least 
number of turns for one-in. raise 
should be used. The lowest gear 


ratio gives the highest jack effi- 
ciency. Consequently, it is the most 
suitable for motorized drives and 
since it requires the least turns for 
one inch of travel, it also is the 
most suitable for operation by hand. 

The jacks can be used singly, 
in tandem or in multiple groups. 
When connected by shafting and 
mitre 


gear boxes, as on the 


straightener, the jacks raise or 
lower under equal or unequal loads 
in perfect unison. Once the worm 
gear jacks and gear boxes are con- 
nected, it is impossible for one jack 
to lag behind the others. 


Figure 2.-The 4-way mitre gear box 
and shafting used to connect 
worm gear jacks in series are 
shown in this closeup of one of 
the 50-ton jacks installed on the 

300-ton beam straightener. 
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THE BROOKS OIL CO. 





A REPORT 





ON THE DIFFICULT 


LUBRICATING PROBLEMS OF 


INDUSTRY 





= 





SPRAY LUBRICATION OF ROLL NECK BEARINGS 
CUTS COSTS FIVE WAYS, STEEL MILL REPORTS 


Lubrication of roll necks and bearings 
by means of a spray system employing 
a fluid lubricant, as shown in the un- 
retouched photograph above, has 
proved far superior to the traditional 
system of forcing grease along grooves 
machined in the bearing surfaces, ac- 
cording to reports of an extended study 
recently completed by a major steel 
company. 

Five major savings resulted from the 
use of the spray system: 
1. The initial cost of preparing the bear- 
ings for service was reduced because 
it was not necessary to cut grease 
grooves. Also, the safe overall bear- 
ing area is substantially increased. 
Lubricant consumption dropped 
from an average of 20 drums per 
week to approximately 3 drums. 
3. Bearing life was substantially in- 


creased. With the old system of 


lubrication, bearings wore out in 
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on 


about 3 weeks. Bearings lubricated 
by the spray system showed no ap- 
preciable wear after 18 weeks of 
service, 
4. Longer bearing and roll neck life also 
meant less time and cost for re- 
machining and dressing. 
Mill downtime was greatly reduced. 
With ordinary lubrication, 5 inter- 
vals of downtime would have been 
expected during the four months of 
the study period—with spray lubri- 
cation there was no downtime—sav- 
ing thousands of dollars. 

First adapted in 1949 and now being 
used by major steel companies for this 
important and severe application—the 
lubricant was Brook’s Klingfast, a lead 
base fluid lubricant which retains its 
film strength (4 gram Timken test, 30 
min. minimum—43 lbs. L.A.L.). 

For complete data, write for Bulletin 


K-26. 


THE BROOKS OIL COMPANY 


EXECUTIVE OFFICES AND PLANT—CLEVELAND, OHIO 
EXECUTIVE SALES OFFICES—927 RIDGE AVENUE, PITTSBURGH 12, PA. 
OFFICES AND WAREHOUSES 


IN PRINCIPAL CITIES 





TO TOUGH LUBRICATION JOBS 


Want to see how good lubricants get 
that way 
trial applications, that is? 


lubricants for severe indus- 


This new 30 minute 16 mm motion 
picture, in full color, with sound, shows a 
number of tough lubrication jobs. It 
pictures and describes the research, manu- 
facturing and quality control methods 
that enable Brooks Inbricants to “‘stand 
up”’ under severest service. 

It’s available to any supervisory or 
engineering group interested in lubri- 
cation problems. No charge, of course 
—we’re glad to have you see it. Just 
call or write any of our offices and tell 
them you want to borrow ‘“The Brooks 
Oil Story.” 


~ 


= 






HAVE YOU TRIED 


Cnghont” 
FOR OPEN GEARS? s ¥ 


Lubrication of open gears is one of 


industry’s toughest jobs because of 
severe operating conditions in speed, 
vibration, shock, reversal, intermittent 
action, exposure to high temperature, 
contamination, and the added problems 
of inaccurate alignment, excessive clear- 
ance in bearings and incorrect contact 
of teeth surfaces. If you’ve been having 
open gear lubricating problems, write 
us about Klingfast. This lubricant has 
been the answer in many case studies. 


BROOKS LABORATORIES 
ARE AT YOUR SERVICE 


Extensive research is constant with 
Brooks. Our laboratories are available 
at all times, with experienced and quali- 
fied personnel to serve your lubrication 
research and development needs. 


U.S.A. 
CANADA 


CUBA—S.A. 
EUROPE 


Iron and Steel Engineer, February, 1957 


> 


ret 


ion 
Ss i 
It 
1u- 
rds 
nd 


or 
ri- 


rse 


ell 
‘ks 


\\ 4 


of 

of 
ad, 
‘nt 
re, 
ms 
ir- 
ict 
ng 
ite 
las 


th 
ale 
li- 


on 


57 


ELEVATED TEMPERATURE DRAWING 


Gives Steel Unique Properties 


A A new process for the production 
of materials with a unique combina- 
tion of physical and mechanical 
properties has been announced by 
La Salle Steel Co. of Hammond, 
Ind. This process has been named 
“e.t.d.” (elevated temperature 
drawing). The properties depend 
upon: first, careful selection of a 
particular material composition of 
steel; second, the control of the 
amount of deformation by reduc- 
tion; third, the temperature at 
which deformation is carried out to 
bring about metallurgical changes 
which result in a new combination 
of physical and mechanical proper- 
ties not heretofore available. This 
procedure has been developed to 
create a new combination of prop- 
erties. It is not designed to facili- 
tate the deformation process. 

This is an exclusive development 
of La Salle Steel Co. Four United 
States patents were granted Octo- 
ber 23, 1956, covering this invention 
Patent Nos. 2,767,835; 2,767,836; 
2,767,837 and 2,767,838). Other 
United States and foreign patents 
and patent applications also de- 
scribe this process. 

For the first time in steel bar 
products, the dimensional _ toler- 
ances, surface finish and excellent 
machinability generally associated 
with cold finished bars have been 
incorporated into a bar product 
which also has strength properties 
normally developed by heat treat- 
ment. (Heat treatment here is 
meant to describe the standard 
quench and temper cycle for hard- 
ening steel.) Further, it eliminates 
the need for heat treating and 
attendant operations in many in- 
stances for consumers. 

Elevated temperature drawing 
involves the selection of bar chemis- 
try, the amount of reduction in 
ross sectional area of the bar as 
it is drawn through a die and a 
lrawing temperature which — will 
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result in the desired final properties 

These properties occur as a re- 
sult of three metallurgical phenom- 
ena which take place in the bar 
as it is deformed at elevated tem- 
peratures (between 200 F and below 
the lower critical temperature). 

First the steel bar strain hardens 
by appropriate slip processes within 
the crystal structure. Secondly, it 
age hardens by precipitation of 
nitrides along with precipitation of 
carbon from supersaturated — solid 
solutions. Thirdly, a substructure 
within the grains develops as a 
result of the deformation at ele- 
vated temperatures. 

Proper control of these metallur- 


Figure 1--Long parts such as those 
shown: milling machine spindle, 
power take off shaft, main drive 
shaft on heavy duty lathe are 
produced economically because 
they require no subsequent heat 
treating. Therefore the distor- 
tion that goes into quenching is 
absent. 





gical processes results in the unique 
combination of properties which 
are produced. 

On September 6, 1955 “‘fatigue- 
proot,’” anew material embodying a 
new combination of properties made 
by the new process, Was first made 
available commercially. 

The product made from a carbon 
steel was designed and meets speci- 
fications set up to answer, at least 
to some degree, three basic materials 
problems. 

For the first time a steel bar prod- 
uct is offered commercially which 
has guaranteed Rockwell C values 
of 30, a tensile strength of 140,000 
psi and a yield strength of 125,000 
psi. In addition, the material has 
remarkable free machining charac- 
teristics. It machines about 25 
per cent faster than annealed alloy 
steel and as much as 100 per cent 
faster than alloy steel heat treated 
to the same strength level 

Inherent in the manufacturing 
procedure is a uniformity of prop- 
erty from heat to heat, bar to 
bar and across the diameter of the 
bar which has heretofore not been 
available in quenched and tempered 
bar stock. 

To summarize: 


‘Tee “eta.” process holds prom- 
ise of bringing about the follow- 


1. The lessening of the depend- 
ence on strategically scarce alloys 

2. The making possible of com- 
binations of properties not econom- 
ically attainable by 
methods. 


present 


3. In many cases the elimina- 
tion of heat treatment and sub- 
sequent operations. 

1. The combination of high 
strength with improved machina 
bility. 

5. The direct production by 
machining operations only of parts 
which have before required multiple 
and often costly operations. 
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YODER SLITTING LINES 
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pay big dividends 
working only one day per week! 


In one plant, two Yoder tube mills and about 50 punch presses are being 
supplied with slit strands by one Yoder Slitting Line operated an average 
of only seven hours per week. 


In another plant, a Yoder slitting line, operated from six to eight hours per 
week, is supplying two intermittently operated roll forming machines with 
total requirements averaging 100,000 feet per week. 

These typical examples demonstrate, first, the big potential output of a 
relatively small, inexpensive Yoder standardized Slitting Line and, secondly, 
its big profitability. Assume production of only 35 tons of slit strands per 
8 hour shift, one day per week, and the total per year would be 1750 tons. 
Estimating the saving in slitting cost at only one-half cent per lb., the 


total annual saving would be $17,500.00. 
The Yoder Slitter Book is a comprehensive 5 Id b 


treatise on slitter operation and economics, § Besides the big convenience of doing your own slitting, such savings will 
with time studies, cost analyses and other c o¢ 


useful data. It is yours for the asking. often repay the investment in a few months. 


THE YODER COMPANY 5495 Walworth Avenue « Cleveland 2, Ohio, U.S.A. 


ROTARY SLITTING LINES 


COLD ROLL FORMING MACHINES 
ELECTRIC-WELD PIPE AND TUBE MILLS 
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BLASTMASTER®* has eliminated need for a 
second shift in this cleaning department. 


‘“‘We’re interested in production figures,’ says Mr. Bachman, 
‘“‘so our blast cleaning equipment has to do good work at 
low cost. After studying the situation, we picked a 
Pangborn Blastmaster. It does the kind of job we like 
and its features are everything they’re expected to be!’’ 


If you need blast cleaning equipment, look at all 
makes. Then check the Pangborn Blastmaster. It offers 
many exclusive features plus a choice of sizes to fit 
your needs—1%, 3, 6, 12, 18 and 27 cu. ft. Write for 
Bulletin 225 to PANGBORN CORPORATION, 4400 
Pangborn Boulevard, Hagerstown, Maryland. 














MANSAVER GRABS 


FOR 


SHEETS OF MANY WIDTHS 


You don’t perform all of your manufacturing 
operations on alathe. Then why try to handle 
all your sheets of various widths with one grab? 
If the minimum width of sheet handled in your 
plant is less than 4/10 of the maximum width, 
you can make important savings by using a 
separate Mansaver Sheet Grab for each range. 


The Style G-1142 Mansaver shown at the left above is 
loading a car of cold rolled steel. The G-1142 cab- 
controlled Mansaver at the right is unloading 5-ton 
bundles of sheet steel from a motor truck. This load 


was handled in 11 minutes! — 





packages 36 x 129 cold rolled sheets weighing 14,289 
Ibs. at the shear line. 





The 30,000-Ib. Mansaver, G-1456 above, is equipped 
with end hooks and is handling sheets varying from 
24” to 72” wide, and from 72” to 168” long. 








Mansaver Sheet Grabs are used in more than 700 plants. 
hey are there because of their ease of operation, and the 
low head room, and minimum aisle space they require. They 
are designed with ample safety factors, and to give uninter- 
rupted service with low maintenance. Write for circulars 
and nearest representative. 


MANSAVER INDUSTRIES, INC., 3116 East St., New Haven, Conn. 
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HEAVY-DUTY D-C 
MAN-NETIC 
CONTROLLERS* 


COMBINATION MANUAL and 
MAGNETIC CONTROLLER FOR CRANES— 
CHARGING MACHINES—D-C CONTROL JOBS 


CAM SWITCH 
CAN BE 
MOUNTED 
REMOTE 
OPTIONAL 
RIGHT OR 
LEFT-HAND 
ARRANGEMENT 
COMPACT e: 
DESIGN ALLOWS 
INSTALLATION 
WHERE SPACE IS 


AT A PREMIUM i 





HEAVY-DUTY 
CAM SWITCH 














WITH REVERSING 
AND CONTROL 
CONTACTS... 
“MASTER-SWITCH” 
EASE OF 
OPERATION 
MOTOR 
AND RESISTOR C)} 
TERMINALS 
READILY 
ACCESSIBLE 
MAGNETIC 
NEGATIVE LINE 
AND 
ACCELERATING 
e CONTACTORS 


Z TYPES AVAILABLE: 
REVERSE-PLUGGING OR 
DYNAMIC - LOWERING 


Provide four speed points, reversing, 

with all advantages of full-magnetic 

. control. Manually- operated cam con- 
tacts are free of destructive arcing 

.. extremely fast magnetic contactor 

action interrupts power circuit before 


SPACE cam-operated contacts are opened. 
fil socks. EUCLID'S EXCLUSIVE “TIMELOK" 
feature offers maximum dependable 

COMFORT 


acceleration timing without extra 
relays ... permits unusually compact 
corrangement of the magnetic panel. 
For more information, contact our 

representative in your area, or write 

or call THE EUCLID ELECTRIC & MFG. 

CO., MADISON, OHIO. 


. *PATENT APPLIED FOR. 
Ask for Bulletin 4400-440]. 





THE EUCLID ELECTRIC 


EUCLID 


m AND MFG CO. MADISON. OHIO 


THE EUCLID ELECTRIC & MFG. CO. 


MADISON, OHIO 
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New Automatic Precipitator Control by 


offers many vital advantages... 


WESTERN PRECIPITATION 


LONG LIFE 


This new control has indefinite 
life expectancy under all types of 
operating conditions. There are no 
tubes to replace, no high speed 
relays, counters, or timers to 
maintain. All circuitry consists of 
rugged ‘‘static’’ devices that have 
unusually long life! 


3 STABILITY 


Under short circuit, open 
circuit or other varying 
conditions, this control is 
completely stable and 
inherently trouble-free! 





RELIABILITY 


Optimum Precipitator power input 
is maintained regardless of 
operating conditions. The sensing 
control is simple, positive, accu- 
rate—and automatically evaluates 


MODEST 
COST 


Modest initial cost coupled 
with negligible mainten- 
ance assure optimum oper- 
ating efficiency (therefore 
lower operating costs 















the spark ‘‘Power Value’’ (intensity throughout many years r 

and frequency) —not just frequency of continuous service. re 

or intensity alone. va 

m 

cs) 

ca 

i 

BERR RE TERRE ERROR RRR ERR 

= WHEN using a Cottrell Precipiiator for collecting dust, fume, fly ash or 


other suspensions from industrial gases, it is essential at all times to impress 
on the high voltage system the highest possible voltage and current without 
“flashover”’. Depending upon gas conditions, dust loading and other vari- 
able factors, the optimum voltage and current requirements vary widely 
from one minute to the next. Therefore, the vital importance of a simple, 
trouble-free and highly sensitive Precipitator Control is self-evident. 

This new Western Precipitation Automatic Precipitator Control —a 
product of the organization that has consistently led in the application of 
Cottrell Precipitators for industrial gas cleaning — combines vital advan- 
tages found in no other competitive equipment. Our nearest representa- 
tive will be glad to supply complete details. Or write direct! 


Why not modernize your present out-dated 
Precipitator installation? The Western 
Precipitation Automatic Precipitator Control 
can be installed on any Cottrell unit. For 
further information contact our nearest office! 


Western Precipitation Corporation 


mR. Designers and Manufacturers of Equipment for Collection of Suspended Material from Gases 
..and Equipment for the Process Industries 


Main Offices: 1067 WEST NINTH STREET, LOS ANGELES 54, CALIFORNIA 





Chrysler Building, New York 17 « 1 North La Salle Street Building, Chicago 2 + Oliver Building, a. abe LF aeiminten ay a. 
Pittsburgh 22 e 3252 Peachtree Road N. E., Atlanta 5 * Hobart Building, San Francisco 4 cmp Combinat U 


Precipitation Company of Canada Ltd., Dominion Square Building, Montreal DUALA Reverse-Jet f 
Representatives in all principal cities cats 
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here’s how Dowell chemical cleaning saved $71,000 
and helped protect a plant profit! 














J 


A few months before their peak season, the operators 
of this plant decided their main water line might net 
supply the water necessary to meet peak demands. 
The line was cast-iron, 16-inches in diameter and 
over 7,000 feet long. Its original flow efficiency or 
“C” factor had been 105; scale build-up had 
reduced this to 72. To lay an auxiliary line 

would cost at least $85,000. 
Dowell contracted to clean the pipe chemi- 
cally for a little less than $14,000, and to 
restore a minimum of 50 per cent of the 

line’s lost capacity. 


This Dowell did, and more—increas- 
ing the “C” factor to 92! Enough 
water was immediately available for 

capacity operation. This saved the 
plant $71,000 and helped protect 
the company’s annual profit. 





The operating credit realized by this food processing 
plant, as a result of Dowell service, is similar to those 
realized by other Dowell customers—in the steel, 
paper, chemical, oil refining, power and _ allied 
industries. 


Dowell engineers are experts in the use of 
solvents to remove scale and sludge—deposits 
that cut the throughput of product, process 
and steam generating systems. Dowell does 
the job, furnishing all chemicals, trained 
personnel, pumping and control equip- 
ment. 


For specific information on how 
chemical cleaning can help you to 
greater profits, call the Dowell office 
nearest you. Or write Dowell In- 
corporated, Tulsa 1, Oklahoma. 


Have Dowell clean it chemically 
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A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 
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Date-line LYiaty.. 


January 2 


A ICC authorized western railroads and eight east- 
ern lines a 5 per cent raise in first class and coach 
passenger fares and approved a 7 per cent increase in 
Pullman and parlor car charges. 

A The consensus of regional boards representing 
26,000 shippers is that railroad freight traffic nation- 
wise in the first quarter of 1957 will rise 3.7 per cent 
akove the same period of 1956. Carloadings for 1956 
were about one per cent above 1955. 

A Shipments of iron and steel castings during 
October 1956 amounted to 1,531,892 short tons 
compared with 1,334,369 short tons in September, 
1956, and 1,546,849 short tons in October, 1955. 
Shipments in November, 1956, totaled 1,422,403 short 
tons, November, 1955, 1,557,294 short tons. 


January 3 


A Auto production in Dec., 1956, totaled 596,238, up 
10.3 per cent over November, 1956, but 12.6 per cent 
below December, 1955. Output for 1956 declined to 
5,801,295 cars, 27 per cent below the 1955 total. 

A The ICC was requested to approve a 5 per cent 
increase in coach and first class passenger fares by 
17 eastern railroads to match the increase granted 
8 other eastern roads. 

A Consumer debt in November increased $213,000, - 
000 to a total installment debt of $31,000,000,000 more 
than $2,800,000,000 higher than November, 1955. 
A The National Coal Association advises that soft 
coal production in the U. S. amounted to 500,000,000 
tons in 1956, 6.4 per cent greater than 1955. 


January 4 


A Bethlehem Steel Corp. and Youngstown Sheet & 
Tube Co. requested the Court to dismiss the anti-trust 
suit against their merger contending that there is 
no substantial competition between the two companies 
in any section of the country and further that the 
proposed merger will stimulate competition in the 
steel industry in various sections of the country. 
They denied the government charges that a merger 
would reduce competition and was a violation of the 
Clayton act. 


January 7 


A Republic Steel Corp. announced it will further 
expand the Gadsden plant by the addition of a second 
electric furnace. 

A The AISI reports that the operating rate of the 
steel industry for the week of January 7 is scheduled 
at 98.3 per cent of capacity. This is equivalent to 
2,517,000 tons compared with 2,490,000 tons one 
week ago and 2,428,000 tons one year ago. Index of 
production for the week is 156.7. 


January 8 


A Prices of steel scrap declined $4 a ton in Pitts- 
burgh, and No. 1 heavy melting scrap sold at $63 a 
ton. 

A Cartier Mining Co. Ltd., subsidiary of U. S. Steel 
Corp., plans to form a new Quebec company to 
investigate and develop a large iron ore mining site 


orth of Shelter Bay, Quebec. 
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A AISC reports that shipments of fabricated struc- 
tural steel for November amounted to 276,045 tons 
compared with 287,639 tons in October, 1956, and 
258,883 tons in November, 1955, bookings totaled 
338,892 tons compared with 290,961 in October and 
341,308 in November, 1955. Backlog on Nov. 30 
was 3,252,202 tons. 


January 11 


A Agroup of 40 home builders meeting with govern- 
ment housing and monetary officials predicted that 
housing starts will number about 900,000 in 1957 
compared with 1,100,000 in 1956. 
A AISI reports the estimated total November payroll 
for the iron and steel industry amounted to $346,- 
041,000; estimated total employment, 688,900; aver- 
age hourly payroll cost for wage earners, $2.792 
(plus an average cost of about 25¢ an hour for pen- 
sions, social security and insurance, estimated on 
an annual basis). Average hours worked were 39.8. 


January 14 


A The AISI reports that the operating rate of the 
steel industry for the week of January 14 is scheduled 
at 98.3 per cent of capacity. This is equivalent to 
2,517,000 tons compared with 2,519,000 tons one week 
ago and 2,437,000 tons one year ago. Index of pro- 
duction for the week is 156.7. 
A The Bureau of Mines reports that the consumption 
of scrap during November, 1956, totaled 6,315,000 
gross tons and pig iron 6,235,000 gross tons com- 
pared with 6,722,320 tons of scrap and 6,450,404 tons 
of pig iron in October. 
A Prices on steel products were increased by two 
companies, Kaiser Steel Corp., Oakland, announced 
increases of 50¢ to $2 a ton on nearly all its products; 
Allegheny Ludlum, Pittsburgh, raised base prices 
for special high-nickel electrical alloys. 
A J & L Steel Corp. announced it will close one of 
its mines at California, Pa., April 1, 1956, because 
it is largely depleted. Approximately 790 employees 
will be laid off. 


January 15 


A F. W. Dodge Corp. reports that home building 
contracts in 1956 in the 37 states east of the Rockies 
amounted to $9,826,460,000, 4 per cent below 1955; 
contracts let for all types of construction rose to 
$24,412,630,000, an increase of 3 per cent over 1955. 
Residential awards for December, 1956, were $450,- 
646,000 or 37 per cent under December, 1955. 
A The 2-for-1 split of common stock was approved 
today by the stockholders of Crucible Steel Co. of 
America, effective at the close of business January 18, 
1957. There will be 5,000,000 shares at $12.50 par 
value each authorized and 3,636,457 shares out- 
standing when the split becomes effective. 


January 16 


A Iron and steel companies plan to spend $1,700,000, 
000 for new equipment and construction in 1957 
reports the AISI. In the years 1946 to 1956 inclusive, 
the industry spent $8,000,000,000 for like expansion, 
outlay in 1956 amounted to $1,200,000,000. 
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A Harmon S. Eberhard, president of Caterpillar Trac- 
tor Company, in an address at a conference of 
American Bankers Association, forecast that highway 
expenditures will exceed $10,000,000,000 yearly 
when the new road building program hits its peak. 
A U. S. Steel Corp., Homestead works, will idle its 
No. 4 blast furnace 26 days for repairs, leaving five 
blast furnaces in operation. 


January 17 


A President Eisenhower estimated government reve- 
nues for the fiscal year 1957-58 at $73,600,000,000, 
resulting in approximately $1,800,000,000 surplus. 
For the current year he forecasts a $1,700,000,000 
surplus. However, tax cuts must wait at least another 
year, he said, in urging Congress to continue current 
corporate and excise tax rates. 

A U. S. Steel Corp. boosted prices 3!5 per cent on 
steel pipe in sizes over 14 in., effective today, as well 
as increases in extra charges amounting to 4!45 per 
cent for carbon structural shapes and 5!%4 per cent 
for carbon plates. These mark-ups in extra charges 
were similar to advances recently made by Bethlehem 
and Inland. 

A The Aluminum Assn. reports primary aluminum 
production in the United States during December, 
1956, was 297,149,096 lb compared with 290,162,159 
lb in November, 1956, and 281,364,018 lb in December, 
1955. 


January 18 


A ARCI reports that deliveries of new domestic 
freight cars in December totaled 7,260 cars compared 
with 6,695 cars in November and 3,796 in December, 
1955. Orders in December totaled 4,992 compared 
with 4,172 in November. Backlog of cars on order as 
of January 1, 1957, stood at 117,257 cars. 

A Stockholders of Bethlehem Steel Corp. approved a 
four-to-one split of its common stock which will result 
in a total of 40,090,228, of $8 par value shares of 
common stock outstanding. 

A $19,903,300 in Series A, 4°4 per cent convertible 
sinking fund debentures were registered with SEC by 
Colorado Fuel & Iron, for subscription by common 
stockholders in the ratio of $100 for each 17 shares 
held. Purpose is to reduce the $12,000,000 outstand- 
ing under a loan agreement with banks, to retire 
$6,000,000 of other bank loans, and to provide more 


working capital. 
January 19 


A Shipments of finished steel products totaled 
7,431,136 net tons for November, 1956, compared with 
7,930,957 tons for October, 1956, and 7,247,994 tons 
in November, 1955, according to statistics released by 


the AISI. 


January 21 


A Resistance Welder Manufacturers Assn. reports 
shipments by members for December amounted to 
$3,820,000, backlog on January 1, 1957, was slightly 
in excess of $12,000,000. 

A The AISI reports that the operating rate of the 
steel industry for the week of January 21, is scheduled 
at 97.5 per cent of capacity. This is equivalent to 
2,496,000 tons compared with 2,467,000 tons one week 
ago and 2,472,000 tons one year ago. Index of pro- 
duction for the week is 155.4. 


January 22 


A According to the AISI, blast furnace production 
in the U. S. in 1956 totaled 75,965,475 net tons of pig 
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iron and ferro-alloys, compared with 77,789,674 net 
tons in 1955; output during December reached 
7,334,584 net tons. Output of alloy steel during 1956 
was 10,380,941 net tons, in 1955 10,660,091 net tons; 
the revised total for 1956 steel production is 115,- 
216,149 net tons of ingots and steel for castings. 


January 24 


A Custom smelters reduced price for refined copper 
to 3434¢ per lb, down !4¢. Industry figures showed 
that copper use by brass and wire mills and foundries 
in December, 1956, were 99,223 tons, down 20,000 
tons from November, 1956. 

A fF. F. Estes, executive secretary of the Coal Ex- 
porters Assn. reported that bituminous coal exports 
from the U. S. topped 48,000,000 tons in 1956 and 
may run even higher than 56,000,000 tons in 1957. 


January 28 


A The AISI reports that the operating rate of the steel 
industry for the week of January 28, is scheduled at 
97.1 per cent of capacity. This is equivalent to 
2,485,000 tons compared with 2,472,000 tons one 
week ago and 2,444,000 tons one year ago. Index of 
production for the week is 154.7. 

A American Zinc Institute, Inc., reported that domes- 
tic smelter production of slab zinc for 1956 reached an 
all time high of 1,062,954 tons. 

A A 6-day wildcat strike, affecting 1800 employees, 
ended at Wheeling Steel when the union agreed to 
process the dispute over suspension of 6 employees 
the company claimed were involved in a work slow- 
down, through the grievance procedures established 
by the current contract. 

A George E. Leighty, head of bargaining group for 
11 non-operating unions representing 728,000 rail 


‘employees, disclosed that major railroads will soon be 


confronted with union demands for broad layoff pay 
plan or some other form of increased unemployment 
compensation. 


January 29 


A Steel scrap prices in Pittsburgh declined to $55 a 
ton for No. 1 heavy melting, down $8 a ton. 


January 30 


A Prices of scrap copper declined to 26!5¢ a lb for 
No. 2 copper wire, down as much as !6¢. 


January 31 


A World raw steel production in 1956 totaled 
311,000,000 net tons according to AISI estimate on 
the basis of various figures published in business 
magazines, up 17,000,000 tons over 1955. U. S. output 
led with 115,000,000 tons, Russia 54,000,000, West 
Germany 26,000,000, Great Britain 23,000,000, 
France 15,000,000 and Japan 12,000,000—production 
by the free world amounted to 235,000,000 tons 
exceeding 1955 by 10,000,000 tons, seven Communist 
dominated countries produced 76,000,000 tons about 
7,000,000 tons over 1955. 

A Phelps Dodge Corp. cut copper price to 34¢ a lb, 
2¢ decline. 

A Cleveland-Cliffs Iron Co. boosted iron ore prices 
60¢ a gross ton, more than 5 per cent, for shipments 
of Lake Superior ores during 1957. 

A Company officials in New York disclosed the con- 
solidation, through an exchange of stock, of August 
Thyssen-Huette, A. G. of Duisburg-Hamborn, and 
Niederrheinische Huette, A. G., West Germany. 
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insulating firebrick 
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* =» best meets your needs ? 


Sil-O-Cel 161 
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temperatures to 


2600F exposed 


Sil-O-Cel C-22 
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2300F exposed 
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2000F exposed 


JM-1620 for 
temperatures to 
1600F exposed 
to 2000F back-up 


Sil-O-Cel Super 
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2500F, bock-up 


Only Johns-Manville’s insulating brick family offers the right 
combination of properties... for furnace requirements to 3000F! 


J-M's nine different insulating 
firebrick* means you never have to 
settle for a brick that’s nearly right! 
Instead, you choose the one brick 
that best meets your needs 

for such important properties as 


temperature resistance, load-bearing 


strength, conductivity and density. 

Johns-Manville has two strategi- 
cally located plants for the production 
of insulating brick: Lompoc, Cali- 
fornia, and Zelienople, Pennsylvania. 
Brick are available from the stocks 
of authorized Johns-Manville dis- 


tributors in key industrial areas. 
For complete information, call 
your nearest J-M representative. Or 
write for brochure IN-115A to Johns- 
Manville, Box 14, New York 16, 
New York. In Canada, Port Credit, 


Ontario. 


*Sil-O-Cel® Super and C-22 insulating brick are for back-up use only 


ZOM*S MANVILLE 
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“Heating in our switch 

was causing ‘lights-out’ shutdowns 
until we changed to cooler 
operating Fusetron Fuses” 


Thomadr Lavin, Building Engineer 


Railway Exchange Building 
Denver, Colorado 


Wr. Lavin Continues: 


“We had considerable trouble with heat de- 
veloping in a lighting switch and causing fuse 
blows. It was very annoying having the lights go out 
so often-—-and having regular maintenance work in- 
terrupted to replace fuses. 


“Checking with an ammeter we found the con- 
tinued load to be 28 ampere. This indicated that 30 
ampere fuses in use were the right size for safe pro- 
tection. Nevertheless, the renewable fuses we had 
installed kept blowing. 


“Evidently, what we needed were the same size 
fuses that would operate cooler to eliminate heating 
in the switch. 


“At the suggestion of a salesman we tried 30 
ampere Fusetron dual-element fuses. Our heating 
problem immediately disappeared. This was 7 or 8 
months ago and we have had no trouble with the 
switch overheating—and our—‘lights-out’ shutdowns 
are a thing of the past.”’ 


lron and Steel Engineer, February, 1957 








ce ile a A ir eR, 








57 


wen 4 


Me ds 


ae 


Here’s why Fusetron Fuses protect 
against needless blows caused by excessive 
heating of panels and switches 


Fuses, like other protective devices 
operate from heat created by the 
current flowing through them. Thus 
they produce some heat even in 
normal operation. 


Sometimes the heat is not dis- 
sipated from switches and panels fast 
enough. This piled up heat over-heats 
fuses and reduces their carrying ca- 
pacity. Then fuses often blow even 
though not loaded to their rated 
capacity. 

A logical answer to this heating 
problem is the use of Fusetron fuses. 
Fusetron fuses produce less heat 


HARRY L. DAVIN 


Buss Fuseman 
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because they have less electrical re- 
sistance than ordinary fuses. For 
example, ordinary fuses have 55 to 
117% greater resistance than Fuse- 
tron fuses in 250 volt sizes and up to 
140% greater resistance for 600 volt 
sizes. 


Since the lower resistance of Fuse- 
tron dual-element fuses means less 
generation of heat, switches and 
panels operate much cooler. This 
materially reduces or wipes out’ en- 
tirely useless shutdowns caused by 
fuses blowing due to overheating of 
panels and switches. 





THOMAS LAVIN 
Building Engineer 





Save time, trouble and 
money by using Fusetron 
dual-element Fuses. 


THEY PROVIDE 
10 POINT PROTECTION 


1 High interrupting capacity—pro- 
tect against heaviest short circuits 
Have proven on tests to open safely 
on circuits set to deliver in excess of 
100,000 amperes. 2 Protect against 
needless blows caused by excessive 
heating —lesser resistance results in 
cooler operation. 3 Protect against 
needless blows caused by harmless 
overloads. 4 Provide thermal pro- 
tection—for panels and _ switches 
against damage from heating due 
to poor contact 5 Protect against 
waste of space and money — permit 
use of proper size switches and 
panels. 6 Protect motors against 
burnout from overloads. 7 Give 
DOUBLE burnout protection to large 
motors—without extra cost. 8 Pro- 
tect motors against burnout due to 
single phasing. 9 Make protection of 
small motors simple and inexpensive. 
10 Protect coils, transformers and 
solenoids against burnout. 


Write for bulletin FIS. 


FOR LOADS ABOVE 600 AND UP 
TO 5000 AMPS. — USE 
BUSS Hi-Cap FUSES! 

They have an interrupting 
capacity sufficient to handle 
any fault current regardless 
of system growth, 





They can be coordinated 
with Fusetron fuses on feeder 
and branch circuits to limit 
fault outages to circuit 
of origin. 

Write for bulletin HCS. 


Play Safe! install FUSETRON duol- 
element Fuses and BUSS Hi-Cap Fuses 
throughout entire Electrical System! 
BUSSMANN MFG. CO. 

(Div. of McGraw Electric Co.) 


University at Jefferson COUOrwOSIE HAMS oD 
t10C tere a4 POOTEC HOM 
St. Lovis 7, Mo 
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Heat More Sree. 


wi’ MORGAN- 
ISLEY 


The Morgan-lsley system offers you a better 
means of heating ingots with straight blast 
furnace gas, coke oven gas, natural gas or oil. 
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The schematic shows the flow of combustion air and flue 


gases through the regenerators and soaking pit. The aon 
Morgan-lsley system employs vertical regenerators. It illu 
eliminates regenerator capacity under the crane runway of ¢ 
thus freeing this valuable area for heating steel. gro 
plac 
shr; 





MORGAN CONSTRUCTION COMPANY worcester, mass. 


ROLLING MILLS *© MORGOJIL BEARINGS ¢ REGENERATIVE FURNACE CONTROLS e¢ EJECTORS © PRODUCER GAS MACHINES 
H.H. Wood, Representative, Koppers Building, Pittsburgh, Pennsylvania 
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How to mark 


BLOOMS, 
_ SLABS 


{7 and 
BILLETS 
by 

REMOTE 

o_ CONTROL 


ie 














Bs 


Change marking head 
characters from 
operator's pulpit 





sare] 


| BILLET MARKER 
oo 


New marking head allows cut letters 
and ingot numbers to be changed 
instantly from the operator’s pulpit. 
Wide versatility for stamping ends 
of blooms, slabs, and billets. Write 
for Bulletin 613-D on new Billet 
Marker. 








A product of the Marking Device Industry 


DY Me aaei el Itinicl-) Ui meres 


1041 CHATEAU STREET, PITTSBURGH 33, PA. 
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Lintern Aire-Rectifier (Model 513 AC-3S). Condenser, mounted 
on crane, is connected with cooling unit in cab by refrigerant 
lines of high pressure hydraulic hose. 


What Happened at 
THE TIMKEN COMPANY 
Since Installation of 


AIRE-RECTIFIERS 


Several years ago The Timken Roller Bearing 
Co., of Canton, Ohio, installed its first Aire- 
Rectifier to air condition one of the crane cabs 
in its steel mill. The company now has several 
cranes, Lintern-cquipped. 


READ THIS 


GROUTING GUIDE 








..» before you Grout 
another piece of 
heavy equipment 





In the air conditioned cab, an operator works 
an uninterrupted 8-hour trick in complete 
comfort — even over soaking pits. 


Air conditioning of crane cabs, according to 
The Timken Roller Bearing Co., has resulted in 


Send for this free grouting guide which clearly more efficient utilization of manpower, greatly 








illustrates 11 common machinery settings, methods 
of grouting and forming, and hot and cold weather 
grouting. Discussion covers proper mixing and 
placing of grout, reasons for using prepared, non- 


Shrink grout, etc. 


GBvy DIVISION OF AMERICAN-MARIETTA COMPANY 
y ? 


“sah 


BCS 
i 


CLEVELAND 3, OHIO TORONTO 9, ONTARIO 
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(: E the MASTER BUILDERS co. 


improved working conditions, and safer crane 
operation. 


Such is the experience of hundreds of companies 
using Lintern Aire-Rectifiers. May we discuss 
your situation with you? Ask for Bulletin AC 561. 


arco, ine. 


DISTRIBUTORS OF LINTERN 
CORPORATION PRODUCTS 


ROUTE 20, EAST © PAINESVILLE, OHIO 
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engineering teamwork plus 
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adds cooling efficiency and economy 


to blast furnace operation 


The ideas came from customers. 


Practical application of the ideas 
into a design was NBD’s job. 


Teamwork between NBD and customer 
engineering made it possible. 


The result: a cleanly designed, vertical baffle bosh plate 
that eliminates the possibility of entrapped air and 
allows faster water circulation for more even, more 
efficient cooling. Its rectangular design adds economy, 
eliminating the need for special brick shapes. 


We call this Design Analysis—where you use NBD’s more 
than 80 years of engineering and casting background, plus 
our research and production facilities, to prove ideas and 
make a design practical. This is NBD’s heavy experience 
with blast furnace copper and bronze paying off for you. 


Right now you may have an idea which needs only a 
slight twist to make it practical. NBD may provide the 
twist you need. Call or write us to talk about it. 





Pattern equipment for all bosh plate designs and sizes is 


maintained at NBD’s Meadville, Pa., plant. 












NATIONAL BEARIN 


COMPANY 















NBD VERTICAL-BAFFLE BOSH PLATE FEATURES 


1. Cte ilael mi clelad(-. Mi -lalele)l-meleliiih,-MElilis|-lallelsMmeltitiaiile Ma -1° 14) 
asting. Also permit taster water circulation 
2. Entrapped air expells through cored relief in top side of 


elehai( Mol M ol LAM -ale Mol Me slieli-MelileMlsl-Mulle lame i melt iaileles | 
3. Easy to backflust 


4. 'Uly-T ati telslelelaeMelgia at islelel-s) 














BIVVISION 40930 Manchester Ave., St. Louis 10, Missouri 


Box 458 Meadville, Pennsylvania 








Askania Regulator Company NEWS 


Automatic Controls for COMBUSTION + PRESSURE 
FLOW «- STRIP EDGE POSITION « STRIP THICKNESS 





#08] the mite 


| ) ASKANIA 
l REGULATOR 
company 


EDGE CONTROL FOR ANY STRIP AT ANY SPEED 
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APPLICATION 





CONTROL 
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FOR STEEL MALL SERVIKE 

















NEW BULLETIN DESCRIBES HOW AUTOMATIC EDGE CONTROL’ 
CAN BE INSTALLED ON NEW OR EXISTING STRIP LINE 


Explains how 


ASKANIA REGULATOR COMPANY Bulletin 
No. 33.1 is now off the press and avail- 
able to the Metal Industry. It describes 
performance advantages, applications, 
method of installation and control, and 
identifies the specific models from which 
to select. 

It explains how these controls are 
designed to hold the lateral position (or 
centerline) of strip traveling up to and 
over 5,000 feet per minute...to within 
0.030 inch of the desired edge position. 


Well Illustrated 


Bulletin 33.1 contains twelve special 
diagrams and illustrations. These empha- 
size the simplicity with which Askania 
Edge Position Controls are applicable to 
any continuous processing operation in- 
volving moving strip. 


Some continuous applications are: 
Pickling Lines Slitting Lines 
Annealing Lines Trimming Lines 
Cleaning Lines Galvanizing Lines 
Coating Lines Plating Lines 
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it operates Accurately on Any Strip at Any Speed 


Do you have these problems? 
The four basic categories of Askania 

Edge Position Controls are explained in 

detail. These are: 

1. Uncoiling strip for delivery at a con- 
stant edge position 

2. Recoiling strip with one straight edge 

3. Guiding strip at intermediate points 
along continuous lines 


4. Guiding center line of moving strip 


Are you familiar 
with these variations? 


Model 110—For Light Duty, 
Medium Speed Service 


Model 200—For Heavy Duty, 
Slow Speed Service 

Model 210—For Heavy Duty, 
Medium Speed Service 

Model 300—For Heavy Duty, 
High Speed Service 


Inform Yourself 

It pays to be informed—and Bulletin 33.1 
contains the type of information you need 
You'll be interested in facts proving the im- ; 
portance of simplicity...non-contact opera- 
tion...ease of maintenance...non-clogging 
—easy installation, etc. as exemplified by | 
ASKANIA EDGE POSITION CONTROLS. 


Send for YOUR copy Today 
Write Askania Regulator Company, 2 
Ontario St., Chicago 11, Ill. 
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ASKAWNIEA recutaror company | 


“CONTROLS FOR INDUSTRY”’ 


HYDRAULIC, ELECTRONIC CONTROLS & SERVOS, GENERAL SYSTEMS, 
ENGINEERING & COMPUTER SERVICE, VALVE ACTUATORS & CYLINDERS 


| i 
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The world of science behind 
EXIDE-IRONCLAD BATTERIES 
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Being interviewed is H. A. Fuggiti, Acting Senior Development Engineer 


At the Exide Laboratories —Reporter: Just exactly what part of the bat- 


tery is that, Mr. Fuggiti? 


Fuggiti: This is the Exide-Ironclad positive 
plate. And in any battery, power reserve is 
governed by positive plate area. 


Reporter: Then do you mean that Exide- 
Ironclad Batteries have more positive plate 
area? 


Fuggiti: Exactly. You can see that here. The 
cylindrical power tubes are arranged in a row. 
So the semicircular sides give an effective plate 
area one-third more than the plate size. 


Reporter: How does that increase power 
reserve? 


Fuggiti: Because there’s a bigger working 


“‘Here’s where the heavy slugs of power come from"’ 


surface of battery plate exposed to the elec- 
trolyte. Power response is faster. 
Reporter: What does this mean in battery 
performance? 


Fuggiti: It means the battery can provide 
power to spare for peak power loads as well as 
a dependable source for continuous loads. 


Reporter: Obviously this is an important 
feature of the Exide-Ironclad Batteries. 


Fuggiti: Yes it is, but it’s just one of many 
engineering details that contribute to their 
long life and high capacity. 

Note to battery users: Whenever you order 
heavy duty batteries or the equipment that requires 
them, be sure to specify Exide-Ironclad. For detailed 
bulletin, write Exide Industrial Division, The 
Electric Storage Battery Co., Philadelphia 2, Pa. 


0) ® 
THE ELECTRIC STORAGE BATTERY COMPANY Exi € 
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MAGNET CONTROLLERS 


ADJUSTABLE...for 
Faster, cleaner release of loads 





EC&M Magnet Controllers deliver top perform- 
ance with magnets of all types and makes. They 
discharge loads quickly and cleanly. There is no 
“dribble.” Magnets ‘‘work’’ more because faster 


drops eliminate ‘‘positioning’’ the magnet at point of dis- 
charge... A simple, two-position (Lift-Drop) Master Switch 
provides exceptionally easy operation. Because power is off, 
automatically, when the switch is in the ‘‘drop’’ position, 
there is no overheating to reduce high lifting capacity. 
Longer magnet life is another important bonus. 





Type AD Standard 
Controller for single 
magnets or two mag- 
nets in parallel. Exclu- 
sive, adjustable dis- 
charge for different 
type loads 
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Booster Controller 
gives increased pull- 
away power from pile, 
then carries load at 
reduced current 


High Speed Release 
DLM-335-A Controller 
reduces the discharge 
time of deep-type mag- 
nets 50% 



















Bulletin 905 gives complete description 
of EC&M Controllers for use on lifting 
magnets of all types and makes 


Write for your copy 


THE ELECTRIC CONTROLLER & MFG. CO. 
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Industy News... 





PLANT EXPANSION PROGRAM AT GADSDEN ALA. 


TO BE ENLARGED BY REPUBLIC STEEL CORP. 


A Republic Steel Corp.’s Gadsden 
ant expansion program will be 
enlarged by the addition of a second 
electric steelmaking furnace. The 
present Gadsden program is part of 
a huge expansion being undertaken 
by Republic at Chicago, Cleveland, 
Warren, Ohio, and Gadsden as well 
as several other locations. When 
completed late in 1957, the expan- 
sion will add 1,980,000 tons of 
annual ingot capacity to the Repub- 
lic production facilities, bringing the 
total Republic capacity to 12,242,- 
QOO tons. 

An electric furnace now being 
built will increase the plant’s ingot 
capacity by 25 per cent in May. 
Addition of the second electric will 
make the total ingot increase ap- 
proximately 50 per cent when it goes 
into production late in 1957, the 
company pointed out. 

Present rated ingot capacity of 
the Gadsden plant with its eight 
open hearth furnaces is 789,000 tons 
annually. Each of the new electrics 
is rated at 204,000 tons annually. 
When both are in production, there- 
fore, the Gadsden plant’s capacity 
will jump to 1,197,000 ingot tons a 
year. 

Currently, the new strip mill at 
Gadsden is nearing completion. By 
the time this mill is ready for pro- 
duction in mid-1957, it will have 
been approximately a two-year con- 
struction job. This mill will turn out 
hot rolled, cold rolled, and gal- 
vanized sheets and strip. 

Several units besides the second 
electric furnace are called for in 
Republic’s decision to proceed with 
a new phase of the expansion even 
before the completion of the original 
construction program. 

These additional units include: a 
second new slab heating furnace for 
the plate mill. This furnace will have 
a capacity of 100 tons an hour, the 
Same as a new furnace now being 
built as part of the original expan- 
sion program; two more blocks of 
soaking pits; an increase in the ares 
of the sheet finishing and shipping 
departments, including the building 


lron and Steel Engineer, February, 1957 


of new warehouse space and truck 
loading docks; an addition to the 
machine shop and the electrical 
shop, a four-bay extension to the 
roll shop; a scale-breaker and scale 
flushing system to be installed at the 
plate mill; and additional railroad 
trackage, roadways, fire protection 
equipment, electric power distribu- 
tion equipment, yard piping, sewers 
and drains. 


SWEDISH MILL TO USE 
NEW OXYGEN PROCESS 


A Stora Kopparbergs  Bergslags 
AB of Sweden will construct a steel 
mill of 475,000 tons capacity. The 
mill will utilize the Kal-Do oxygen 
converter process developed by the 
firm’s American Subsidiary, of Stora 
Kopparberg Corp. 

Two 80-ton rotating oxygen con- 
verters will be installed in the melt 


shop of the new mill, which will be 
as large as Stora Kopparberg’s 
Domnarvet Works, as well as the 
government-owned plant at 
Luleo, Scandinavia’s biggest 
mills. 

This represents the first sale of the 
license for the new oxygen process, 
developed by Professor Bo Kalling 
of the Swedish firm. 

The mill’s rolling capacity will be 
about 330,000 tons annually of high 
quality ship and other plate. 


steel 


steel 


DUQUESNE WORKS TO ADD 
NEW METALLURGICAL LAB 


A United States Steel Corp. will 
build a new metallurgical laboratory 
at its Duquesne, Pa., Works. 

The metallurgical laboratory will 
complete a two-phase program initi- 
ated by U. 8. Steel to enlarge and 
modernize testing facilities at Du- 
quesne, the first being a chemistry 
laboratory now in operation. 

In addition to testing materials 


CONVEYOR SYSTEM TO SPEED TACONITE LOADING 


Cutaway drawing shows operation of a new system of 25 shuttle belt conveyors 
which will be used for the loading of taconite pellets at Erie Mining Co.’s 


Taconite Harbor, Minn., port facility on Lake Superior. 


The system per- 


mits the loading of as many as 10 alternate hatches simultaneously, a de- 
parture from the conventional method of loading ore vessels by chutes. 
The announcement was made by Link-Belt Co., designer and builder of the 
system. Two vessels can be loaded simultaneously and the complete sys- 
tem of shuttle belts for each vessel is operated from a central control tower. 
The pellets arrive at the dock in rail cars, are emptied into a storage bin and 


weighed as they are loaded into hatches. 


Each of the 25 conveyors on the 


1200-ft-long dock is capable of loading taconite pellets at the rate of 750 or 
1500 long tons per hour at belt speeds of 250 or 500 fpm. 
































Here’s an Annealing Retort 
for 1700° F Service 

35% Ni—15% Cr 

30” Diameter 30’ Long 


Duraloy is the place to come for high alloy castings— 
for high temperature service, for highly corrosive service. 
Castings to your specifications are a Duraloy specialty. 

We are equipped to do large and small work. We 
can turn out single static castings of 7 tons or more and 
single centrifugal castings up to about 4% tons. On your 


next high alloy casting job, check with Duraloy! 


Send for Bulletin No. 3354-G 


THE DURALUI COMPANY 


OFFICE AND P LANT Tere} ire fe iC: Pa 





210 


produced in the plant, the Du- 
quesne scientists and metallurgists 
will conduct research into produc- 
tion problems and product improve- 
ments to augment work being car- 
ried on at the U. 8S. Steel Research 
Center. 

The new Duquesne laboratory 
will be operated under the super- 
vision of R. W. Graham, general 
superintendent. Dr. B. R. Queneau, 
plant chief metallurgist, will be in 
direct charge of the laboratory. 


GRANTED ADDITIONAL 
MANGANESE CONCESSION 


A The British South Africa Co. has 
announced that Vanadium Corp. of 
America has been granted a large 
additional manganese concession in 
Northern Rhodesia. The concession, 
to be known as the Chilili East 
Manganese Area, comprises approxi- 
mately 2460 square miles. The grant 
gives Vanadium the exclusive right 
to prospect and stake claims for 
manganese. 

The property is located near the 
200-square mile manganese conces- 
sion purchased by Vanadium in 
September, 1955. That concession 
contains large tonnages of unusually 
high grade manganese ore which can 
be mined on a low cost basis. The 
output from limited areas of the 
smaller operation produces approxi- 
mately one-half of the company’s 
current requirements for manganese 
ore. Partial development of the 
smaller concession has proven re- 
serves estimated as sufficient to 
meet for at least ten years the com- 
pany’s current needs. 

Geological work on the new con- 
cession will be staffed by the com- 
pany’s wholly owned subsidiary, 
Rhodesian Vanadium Corp. which 
operates also the company’s chrome 
ore properties in Southern Rhodesia 


REACH AGREEMENT ON 
INFORMATION EXCHANGE 


A A reciprocal agreement has been 
signed by Republic Steel Corp., 
covering the exchange of technical 
information in respect to steel de- 
velopments with Kloeckner-Werke 
A. G. of Duisburg, Germany. 

D. H. Bellamore, managing direc- 
tor of Republic Steel’s International 
Projects Division, said that a sepa- 
rate agreement covers technical 
assistance to be rendered by Repub- 
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With one of the largest and 
most diversified stocks in the 
U.S.A.--Berry Bearing can give 

you IMMEDIATE DELIVERY on 

anything you need! 


‘E hink of an assortment of 50,113 different 
bearings, bearing specialties, and transmission ap- 
pliances. Then, imagine that assortment neatly 
stacked on over 116,160 running feet of stock 
room shelves. You'll then get some idea of the 
enormous inventory Berry Bearing Company 
regularly carries in stock. 


Consequently, as authorized stock carrying dis- 
tributor for 41 of the nation’s leading manufac- 
turers of bearings, bearing specialties, and trans- 
mission appliances--Berry can quickly fill your 
order for any type and any size you require. And, 
you can always bank on speedy delivery, too 
Regardless of your address--you are now no more 
than 5 miles and 27 minutes away from one of 
Berry Bearing Company’s six strategic locations 
in the Chicago area. 


For super-service plus-- 
Phone Berry...and...save time and money. 
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lic to Kloeckner-Werke A. G. con- 

| sisting of metallurgical and opera- 
tional know-how for the new hot and 
cold rolling mills now being installed 
in the Bremen works of Kloeckner- 
Werke. 

The Kloeckner-Werke A. G. also 
has many subsidiaries and manufac- 
turing plants in Germany and 
foreign countries producing a wide 

variety of finished steel products. 
“Complete Processing and Handling Equipment . . . for any Ferrous Theae include railway i ai 


or Non-Ferrous Material . . . That Starts — or Ends—as a Coil” | ™°t'ves, diesel trucks and tractors, 
mining equipment, and flotation 


equipment, industrial and smelting 
furnaces, and other highly de- 
veloped steel products. 





if ly, 


<a 


alt } | TO BUILD COKE OVENS | 
alia FOR INDIANA HARBOR | 


A Koppers Company, Ine., was 
awarded a contract to design and 
build 174 Koppers-Becker combina- 
tion coke ovens and auxiliary equip- 
ment at Inland Steel Co.’s Indiana 
Harbor works. 

Two batteries of 87 ovens each 
will be erected. The new batteries 
will replace two existing batteries of 
74 ovens each. The new ovens will be 
Types and sizes for coils weighing from 5,000 to 50,000 Ibs. and up the gas gun type and will be de- 
to 84'' wide. Fixed, adjustable or automatically aligning bases. signed for coke oven gas and future 
Timken bearings. Can be equipped with threading drive, also ' 


, ; ; blast furnace gas underfiring. Kop- 
automatic speed compensating drive for feeding presses. : 
pers recently put into operation a 


battery of 87 Koppers-Becker coke 
ovens at the same site for Inland. 

When the new batteries are com- 5 
pleted Inland will have a total of 
385 ovens at the Indiana Harbor #2 
coke plant. Each new battery will 
carbonize 1870 net tons of coal per 
day. 

The new ovens are expected to be 
in operation the last half of 1958. 





INITIAL ROLLING BEGINS 
AT RAVENSWOOD PLANT 


A The first aluminum sheet is being 
rolled at Kaiser Aluminum & Chem- } 
; ical Corp.’s Ravenswood, W. Va., 
Types and sizes to meet any requirement. Plain steel, rubber covered or = plant. Now in production are cold- 
“Lorig” type self-aligning rolls. Air operated or regenerative brakes. is ~.3 | rolling facilities, along with anneal- 
Also four roll type that permits pay-off and coiling reels to be placed . 
at the same end of the line and controlled with a single operator. 


OO a as a Oe a 


ing furnaces, slitters, shears and 
other auxiliary equipment, for turn- 
~~ ing out light-gage sheet. The first 
Write for fully descriptive Bulletin No. 561 today!/ %& foil mills are to start rolling shortly. | 
* When completed, the rolling mill | 
will have an annual capacity ol 
169,150 tons of fabricated products 
The adjacent reduction plant ini- 
tially will have four potlines with an 


1270 VINE STREET * WARREN, OHIO annual capacity of 125,000 tons ol 
CLEVELAND, INDIANAPOLIS AND BERKELEY, CALIFORNIA | primary aluminum, and enlarge 
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NOW! A flow meter 


for liquids other meters 
can’t handle! 
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SIMPLE, TROUBLEFREE, OPERATION 


The Foxboro Magnetic Flow Meter operates 
on the same principle as a power generator. 
A magnetic field (A) is maintained through 
a standard pipe section (B) of stainless steel 
or other non-magnetic material. This pipe 
section is lined with Kel-F® or other insulat- 
ing material. Liquid passing through pipe 
acts as moving conductor, generating an 
electric voltage which varies in proportion 
to liquid’s average velocity. Flush electrodes 
\C) in pipe wall “pick up” this voltage which 
is recorded in desired flow units by Dynalog 
Electronic Recorder or Controller. 


THE FOXBORO COMPANY, 






FACTORIES IN THE 
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° ¢ Adds no pressure drop — 

e* nothing inside pipe to interfere 
© with fluid flow. 

* ¢ Measures fluid velocity directly. 

e Overall accuracy better than 
1%, of range over entire scale. 

¢ Uniform flow scale. 

e Easy range change — either by 
Multi-Point Switch or range coil 
replacement, as preferred. 

e 1” to 8” sizes standard — larger 

sizes as required. 


... for liquids 
water 
acid 
alkaline 


... Slurries of 
sand 
coal 
waste 
etc. 


The Foxboro Magnetic Flow Meter measures magnetically the flow 
rate of virtually any liquid except hydrocarbons. It completely ignores 
such common metering headaches as turbulence, suspended solids, 
and variations in conductivity, density, and viscosity. It even meas- 
ures reversing flows. 

Installation is simple. The magnetic spool piece connects into the 
line like any equivalent length of pipe — no seals, purges, meter 


runs, or straightening vanes required. Connects by simple electrical 
cable to remote Dynalog Electronic Flow Recorder. 


Maintenance is practically eliminated. There are no pressure taps 
to become plugged or frozen, no working parts to foul. Find out how 
this precise, troublefree flow meter can help your operation. Write 
for complete details. 


582 NEPONSET AVENUE, FOXBORO, MASS., U.S.A. 


Foremost in 
FLOW METERING 


UNITED STATES, CANADA, AND ENGLAND 
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with DELTA-STAR reinforced 
BUS STRUCTURES 


When properly designed, bus structures can be relied on to with- 
stand severe short circuits without damage. Delta-Star reinforced 
bus structures are engineered to withstand the maximum forces 
that may be encountered, consistent with the capacity of your 
system. Extra strength is built in by using heavy reinforced 
construction with high grade wet process porcelain placed in 
compression, taking full advantage of the porcelain’s greatest 
strength. 


Delta-Star engineers will be glad to work out your bus problems 
and develop a layout to suit your specific requirements. 


OTHER DELTA-STAR PRODUCTS 
Used in Mills and Industrial Plants 


@ Crane Rail Supports @ Spool Insulator Cable Supports 
@ Disconnecting Switches @ Water Cooled Conductors and Fittings 
@ Terminators (Potheads) @ interrupter Switches 


@ Plugs and Receptacles @ Power Connectors 


For complete information, see your Delta-Star representative. 
Delta-Star Electric Division, H. K. Porter Company, Inc., 
2437 Fulton St., Chicago 12, Illinois 


DELTA-STAR ELECTRIC DIVISION 
H. K. PORTER COMPANY, INC. 
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ment to a capacity of 220,000 tons is 
contemplated as the aluminum 
market warrants. 

The cold-rolling facilities now in 
operation at Ravenswood are, for 
the present, using reroll stock from 
the corporation’s plant at Trent- 
wood, Wash. 

In the building bays surrounding 
those containing the equipment in 
operation, work is being pressed 
toward completion of the 32-acre 
rolling mill and installation of the 
remainder of its facilities. Con- 
struction work is also progressing on 
the reduction plant. 

It is expected that ingot casting 
facilities and the rolling mill’s hot- 
line will begin operation by the lat- 
ter part of the summer, and that 
first metal will be poured from th 
first potline of the reduction plant at 
about the same time. Other potlines 
are expected to commence produc 
tion at intervals of 2-2!5 months. 


GLOBE METALLURGICAL 
ACQUIRED BY INTERLAKE 


A The merger of Globe Metallurg: 
cal Corp. with Interlake Iron Corp 
was announced by R. W. Thomp 
son, president of Interlake. 

The merger had previously bee: 
approved by directors of both com 
panies. It follows the acquisition by 
Interlake of more than 99 per cent 
of Globe stock, through exchange 
offers. 

Globe Metallurgical, located nea: 
Beverly, Ohio, produces ferro alloys 
used primarily in the manufacture of 
stainless and alloy steels. Its name 
has been changed to the Beverly 
Plant of Interlake. 


WELLMAN WILL BUILD 
ORE UNLOADER AT GARY 


A A new Hulett ore unloader will be 
built by the Wellman Engineering 
Co. for the Gary, Ind., works of the 
United States Steel Corp. 

The new unloader, which wil 
have a rated capacity of 20 tons pe! 
bite, will be the ninth Hulett un 
loader Wellman has engineered and 
installed at Gary since 1906. The 
present installation includes three 
20-ton machines built in 1942 and 
two 17-ton unloaders installed in 
1915. 

Wellman will provide complet 
engineering for the entire project 
and will build the mechanical com- 
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man’s parent organization, will in- 
stall the mechanical components and 
lrives and deliver the unloader in 
, going operation. The American 
l Bridge Division of U. 8. Steel will 
; fabricate and erect the main struc- 
tural framework. 
ILLINOIS GEAR STOCK 
‘ PURCHASED BY HUBBARD 
A The sale of all of the outstanding 
; stock in Illinois Gear & Machine Keystone integrated aluminum conductor 
y (o. to Hubbard and Co. has been systems feature long life, minimum down- 
announced. There will be no changes ess at nn so ae — 
Z in the management or policies of hone widen ccptuaded. — 
‘ the company. Illinois Gear was 
: founded in 1932 and is one of the 
{ nation’s leading manufacturers of 
e industrial gears for every purpose. 
\ It was also announced that the 
s company’s expansion program has 
been stepped up. An additional new 
plant is being added to its South 
Works to accommodate new ma- 
chinery estimated to cost $2,000,000. 
E 
REFRACTORIES FIRM 
‘ OPENS ATLANTA OFFICE 
A The Chas. Taylor Sons Co., a 
subsidiary of National Lead Co., s - . 
1 announces the opening of a new dis- No winter downtime with 
trict sales office at 5845 Greenbrier 
Xu Road, Atlanta, Ga. - 
ul Manager of the office is Stafford Ke stone Aluminum Conductor S stem 
ne T. Lantz, a field engineer for Taylor y y 
with 12 years’ experience. States 
ur serve , is 1a * ° iA. 
vs ge lg Paar ae ae For two winters—and going into the third— Niagara 
of Fla. Mohawk Power Company, Buffalo, has enjoyed trouble- 
1e free service with a Keystone integrated aluminum con- 
ly AIR PRODUCTS AWARDED ductor system. The system replaced one of wire used 
GRANITE CITY CONTRACT with Niagara’s traveling coal storage towers. 
ee a eee eee Service conditions are severe here. Ice is a big problem. 
y ad ak cuien memceeber bes bee Sulphuric acid fumes from coal piles cause corrosion. 
awarded to. Bie Meaducte Tac ter But with aluminum Inverted-V Keystone conductors 
be Granite City Steel Co. and enclosures, these problems are solved. 
ng Installation of the oxygen gener- Other advantages of Keystone integrated conductor 
he ator will be made in 1957. Air Prod- systems improve operations indoors, too. Low voltage 
5) tency tthe aaa ai drop—rugged components—no wires to burn down. 
m y ee + Steady operation is assured. 
| SN ree arenarne sects Miooihae Piedbaane Themen, 408 oe ote 
hi GIANT GLAST FURNACE Electric Service Works, Delta-Star Electric Division, 
ne A Phoenix-Rheinrohr A.G. of Dues- H. K. Porter Company, Inc., Philadelphia 32, Penna. 
nd seldorf, West Germany, put a new 
u 250-ft blast furnace into operation | 
at its Ruhrort plant. The furnace | ELECTRIC SERVICE WORKS 
a cost $7,500,000 and took 16 months | ahy DELTA-STAR ELECTRIC DIVISION 
Cc to build. 
ool In the town of Ruhrort- | H. K. PORTER COMPANY, INC. 
57 
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The first Electric Brass Melting Furnace 
in America — built by The Electric 
Furnace Co., Salem, Ohio. 


plant producing galvanized strip. 
and galvanizes strip continously. 


An EF combination electric and gas fired furnace installation in a prominent steel! 
This equipment flame cleans, uniformly anneals 


continues to pioneer 


New Developments 


for continuous and batch processing 
ferrous and non-ferrous products 


From the company’s beginning, when the little furnace 
shown above was “big news”; to the modern, com- 
pletely automatic, high production strip lines, EF re- 
search and development engineers have been making 
important contributions to furnace design and metal 
processing techniques. 

EF engineers conceived and developed the first 
automatic and continuous heat treating, quenching 
and drawing equipment; pioneered the use of endo- 
thermic, exothermic and other special atmosphere 
treatments resulting in closer physical tolerances. 


GAS FIRED, OIL FIRED AND ELECTRIC FURNACES 
FOR ANY PROCESS, PRODUCT OR PRODUCTION 


Other developments include EF radiant tubes with heat 
exchangers that assure extremely high combustion 
efficiency; EF cast alloy electric heating elements; EF 
roller design—and other facilities that assure uniform 
temperatures throughout the furnaces, accurate control 
of heat input, reduced maintenance and high hourly 
output. 

For maximum product uniformity, dependability 

and efficiency, discuss your heating problems 

with EF experienced engineers . . . it pays. 


THE ELECTRIC FURNACE CO. 


Salem - heo 


Canadian Associates @ CANEFCO, LIMITED e¢ Toronto 1, Canada 
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Meiderich, Phoenix-Rheinrohr A.G. 
has now 13 furnaces. Through this 
iddition, the capacity will be in- 
reased by 30,000 tons of crude iron 
per month. This latest expansion 
makes Phoenix-Rheinrohr A.G. the 
largest crude iron manufacturer in 
West Germany, with an average 
monthly production of more than 


200,000 metric tons. 


H. K. PORTER ACQUIRES 


is located on an 18-acre site in Bris- 
tol, approximately 15 miles south of 
Providence, R. I. It includes several 
buildings totaling 654,000 sq ft of 
floor space. 

Currently Kaiser Aluminum is 
also carrying out a $5,000,000 ex- 
pansion of rod, bar and wire fa- 
cilities at its Newark, Ohio, plant. 


EUROPEAN SUBSIDIARY 
FORMED BY SELAS CORP. 


zerland, has been 
Frederic O. Hess, 
Corp. of America. 

The new firm, which will ser.e 
industries throughout Western 
Europe, is an outgrowth of increas- 


announced by 
president, Selas 


ing interest in Selas developments 
and equipment for industrial heat 
and fluid processing of materials. 
Six leading European companies 
have already 
Selas processes and know-how, and 


acquired licenses to 


it is the objective of the Swiss di- 
REFRACTORIES COMPANY 


AFormation of a European sub- vision to give these licensees prompt, 


- : :; ‘ idiarv known as efficient attention and to coordinate 
AThe Mullite Refractories Co., sidiary known as Se ‘las Corp. of eee a arta 
Shelton, Conn., has been acquired America, European Division 8. A., engineering and administration be- 
N ; 9 . «< ‘ i * ‘ . 
} by H. K. Porter Co.. Ine. It will be with headquarters in Geneva, Swit- (Please turn to page 220 


combined with Porter’s Laclede- 
Christy Division. 

The Mullite Co. refractory prod- 
ucts are trade named “Shamva’”’ 
mullite. Products now manufactured 

: include a regular mullite brick for 
the steel industry. Other products 
include ramming, mortar and cast- 
able cements; a plastic fire brick 
cement used for building up mono- 
lithic structures or for repairing or 
patching electric furnace roofs; and 

flat arches for any furnace construc- Gpen Geet Gennes —tiate Goaten 
tion. Jones & Laughlin Steel Corp. 

Porter’s other refractory division 

, is McLain Fire Brick with head- 


Continuous Heating Furnaces— 
Photo Courtesy Crucible Steel Co. 


Soaking Pit—Photo Courtesy 


Heat Treating Furnace— 





quarters in Pittsburgh. Laclede- United States Steel Corp. Photo Courtesy Taylor Forge & Pipe Works 
e! ‘ . , . ‘ 4 > 
1. Christy’s headquarters are in St. 
Louis. 
’ KAISER PURCHASES WIRE 
AND CABLE BUSINESS 
Afksaiser Aluminum & Chemical 
Corp. has announced purchase of the 
> wire and cable business of the 
. United States Rubber Co. 
The purchase, for an undisclosec , 
purchase, for an un lise] sed Increase Production ... Lower Production Costs with 
amount in cash, rep eg Febru- 
ary | and includes U. Rubber’ 
te ; LOFTUS industria FURNACES 
habe wire and a plant at 
Bristol, R. I., and its wire and cable For years Loftus Industrial ments, it will pay you to take 
inventories, according to the an- Furnaces have been providing advantage of Loftus’ long expe- 
' nouncement made by D. A. dependable, economical service rience in furnace design and con- 
: = . ; to the steel industry. Theirlong struction. Many of the world’s 
Rhoades, Kaiser Aluminum vice- , “ficie ; ames,  Cendiinsbas anion have--and 
‘ life and efficient performance leading companies have—and to 
president and general manager. have been proved by time. The their utmost satisfaction, as 
In addition, Kaiser Aluminum fact that they materially con- proved by the high percentage 
takes over U. S. Rubber’s nation- tribute to lower-cost operation of repeat orders we get. 
x: - and increased production is a We'll be glad to send you full 
wide wire and cable sales organiza- : 
epee matter of record. details and we will welcome an 
j tion and network of distributors as Whatever your heating, melt- opportunity to quote on your 
well as all Bristol plant personnel. ing or heat-treating require- requirements. 
i Che corporation plans to continue 
service without interruption to exist- D 
Mbignns andl builders of, indlslial, furnace 
“i ng customers and maintain the a f f° 


ame channels of distribution. 

The U. S. Rubber Co. has manu- 
ictured wire and cable at the 
bristol plant since 1892. The plant 


Capumaning Coy (oypHealiPR, 
610 Smithfield St., Pittsburgh 22, Pa. 
140 S. Dea~born St., Chicago, Ill. 
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INTENSIFIED GRIP.. 
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The intensified grip soaking pit crane was developed by The Alliance Machine 
a Company to hold ingots more firmly in the tongs and prevent dropping of ingots 

~ : when they are placed on the mill approach table, ingot chariot or in the soaking 
. pits. This is an exclusive Alliance feature. 


Alliance 






















































(Continued from page 217) 


tween these and future licensees and 
the Selas home office in Dresher, Pa. 

Heading the Swiss Selas Corp. is 
W. Jack Hofmann, general man- 
ager, with A. E. Baltus, who has 
been general European representa- 
tive for Selas the past seven years, as 


sales manager. 
SHARON STEEL BUILDS 
NEW ELECTRIC FURNACE 


A the first spadeful of dirt, starting 
construction on a new $6,000,000 









electric furnace facility at the 
Roemer Works in Farrell, Pa., was 
turned on January 29, by James A. 
Roemer, vice president of Sharon 
Steel Corp. 

When the new furnace goes into 
operation next year, it will more 
than double the present 72,000-ton 
annual capacity of electric-furnace 
steel at Sharon. Output from the 
new furnace will go into high-alloy, 
high quality stainless and specialty 
steels. 

\t the same time that the new fur- 
nace is being built, foundations will 


SAVE downtime 


for bearing 
replacement 


use /\°[33°[(KX bearings 


A-B-K bearings won’t peen, 
score or heat check your heavy 
roll and spindle parts, sharply 
reduce downtime and mainte- 
nance costs per ton rolled. Made 
of laminated phenolic fabric, 
they have the ability to absorb 
and cushion heavier impacts— 
® Wear longer 

® Won't score 

®@ Light in weight 

© Cut lubricant costs 


@ Save power 





and often outwear metal bearings 
many times. When replacements 
are necessary, downtime is re- 
duced because A-B-K bearings 
have fewer parts, are lighter in 
weight, easier to handle. Ask 
our engineers for specific rec- 
ommendations. 

















LAMINATED 
PHENOLIC BEARINGS 


*A registered trade-mark of American Brake Shoe ¢ 


company 
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be laid for a second new electric fur- 
nace which can be installed at a later 
date. 

The new furnace has a yearly ca- 
pacity of 72,000 tons with individual 
melts of 80 to 100 tons. The furnace 
will be housed in a building 250 by 
280 ft. 

Expected date of starting oper- 
ations is January 1958. Design, engi- 
neering and construction is’ by 
American Bridge Division of U. 8. 
Steel Corp. 


TO BUILD NEW PLANT 
AT WELLINGTON, OHIO 


AaArmeo Drainage & Metal Prod- 
ucts, Ine., has announced plans to 
build a new $400,000 manufacturing 
plant at Wellington, Ohio. 

The announcement was made by 
S. R. Ives, president of Armco 
Drainage, who said that the new 
plant would be the 54th in a chain 
of Armco Drainage plants scattered 
throughout the U. 8S. and Canada. 
The company is a subsidiary of 
Armco Steel Corp., and produces a 
wide variety of metal pipe steel 
buildings, and other steel products 
used in the construction industry 
and on the farm. 

The new plant will manufacture 
corrugated metal pipe and _ pipe 
arches, paved pipe and pipe arch, 
large diameter sewer pipe, and pipe 
fittings. It will also serve as a ware- 
house for Armco drainage products 
manufactured elsewhere. 

A. C. Neff, vice-president — of 
Armco Drainage, and head of the 
company’s Central Division, will be 
in charge of building and operating 
the plant. Project engineer will be 
C. E. Hattery, production super- 
visor of the Central Division. 


COMPLETES TRANSFER 
OF PRESS OPERATIONS 


ABaldwin-Lima-Hamilton — Corp. 
has completed transfer of the manu- 
facturing and sales operations of its 
hydraulic and compacting press 
department from the Eddystone 
Division, near Philadelphia, Pa., to 
the Hamilton Division, Hamilton, 
Ohio. 

The operations have been inte- 
grated with those of the mechanical! 
press department which has always 
been in Hamilton. 

The hydraulic press department is 
now in normal production. 





yet 
it carries 


a giant’s load | 


with ease 


Stearns rectangular lifting magnets can cut 
handling costs, increase efficiency in your 
stock-moving operations. You can lift tons 
of steel billet stock, swing it overhead and 
deposit it exactly where you need it — 
accurately and safely. There’s no time lost 
in fussing with awkward clamps, straps 
or slings to secure a load. 


To pick up a lift, the crane operator moves 
a control lever and instantly the powerful 
magnetic force reaches deep into the body 
of the load, clasps the iron burden and 
holds it — even though only a small sur- 
face area actually contacts the magnet 
itself during the move. 


Once the material is delivered, the opera- 
tor simply cuts the coil current to de-ener- 
gize the magnet, immediately releasing 
the load with perfect control. 

[deal for handling regular shapes—sheets, 
plates, round or square bars, billets, ingots, 
pipe or boxed iron goods — Stearns rec- 
tangular lifting magnets have helped to 
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speed material handling in many indus- 
tries. Besides substantial savings in time 
and labor, magnetic handling permits 
better spotting of heavy lifts, higher tier- 
ing of stock to save valuable space. 


Stearns builds both rectangular and cir- 
cular lifting magnets for practically any 
application, with capacities to match your 
requirements. Write today for free litera- 


ture. Ask for Bulletin 35-CL. 23 





STEARNS MAGNETIC PRODUCTS 


A DIVISION OF THE INDIANA STEEL PRODUCTS COMPANY ® VALPARAISO, INDIANA 


635 South 28th Street * 


Milwaukee 46, Wisconsin 


221 





STEEL PLATE 


Sabnivating 










McGREGOR-MICHIGAN 
Brochure Describes Diversified 
Facilities and Production | 



























In this compact 12-page brochure you'll find valuable 
information on McGregor-Michigan’s equipment and 
typical steel plate fabrications. It shows scenes in our 
new 30,000 square foot Heavy Fabricating Plant and 
our original Rivard plant. It describes some of our 
new equipment including a 650 ton press brake and 
our 600 ton “Bulldozer” horizontal forming press 
capable of forming heavy beams or solid sections. In 
addition you'll find clear illustrations of steel plate 
fabrications for the primary metal producers—ladles, 
buckets, hooks, doors, water-cooled roof rings and 
others—and equally interesting chemical and petro- 
leum processing equipment—ASME Code vessels, 
autoclaves, heat exchangers, kettles and tanks. Many 
of these assemblies run to 50 tons and over, in mild, 
stainless and alloy steels. Typical miscellaneous in- 


dustrial fabrications shown are engine beds, bases 


for machines, jigs and fixtures, heavy-wall cylinders, 
foundry cupola shells, furnace casings, a self-propelled 
sewer tunnel shield and a heavy boom for a power 
shovel. The brochure also describes our plate ware- 


housing and specialized surface treating services. 


We would appreciate your including this informative booklet 
in your file of fabricating sources. Please send for a copy and 


the name of our representative nearest you or call direct for 


prompt service on any steel plate fabricating problem. 


sae ool 











Clam shell charging buckets destined for leading West 
Virginia aluminum plant. 










SINCE 1841 











5820 RIVARD ° DETROIT 11, MICHIGAN 
TRINITY 2-2400 
FABRICATIN G AN D WAR EUNHOUSIN G 





























































Capacities of presses manufac- 
tured now at Hamilton range from 


30 to 10,000 tons. 


NEW COMPANY FORMED 
FOR MELTING ZIRCONIUM 


AA new company, Reactive Metals, 
Inc., has been formed by Mallory- 
Sharon Titanium Corp., and Na- 
tional Distillers Products Corp. 
Ownership of the new company will 
be divided equally between the two 
parents. 

The new firm will be initially en- 
gaged in the melting of zirconium 
and its alloys, and the manufacture 
of certain zirconium mill products, 
with physical facilities to be con- 
structed at Ashtabula, Ohio, site of 
National Distillers’ zirconium 
sponge plant. Production by the new 
company may later be expanded to 
include other metals of value to the 
atomic energy program, such as haf- 
nium, columbium, thorium, ete. 

Reactive Metals, Inc. will be oper- 
ated independently of Mallory- 
Sharon’s present activities in the 
titanium field and the National 
Distillers’, U.S.1. Division manufac- 
ture of titanium and zirconium 
sponge. 


A Eight technical sessions will be 
given by American Society for Metals 
at the 10th Western Metal Con- 
gress, Mar. 25-29 in the Ambassador 
Hotel, Los Angeles, Calif. 

Other societies to hold technical 
sessions will be the American Weld- 
ing Society, Society for Nondestruc- 
tive Testing and American Institute 
of Mining, Metallurgical and Petro- 
leum Engineers—Metals Branch. 


AA group of 94 speakers will ad- 
dress the annual Spring meeting of 
the American Welding Society when 
it meets in Hotel Sheraton, Phila- 
delphia, April 8-12, in conjunction 
with the annual Welding Show. The 
show will be held April 9-11 at Con- 
vention Hall. 

For the first time, the American 
Institute of Electrical Engineers will 
join the society in sponsorship of 
some of the sessions. The institute’s 
Committee on Electric Welding will 
be co-sponsor of two sessions on re- 
istance welding and one on are 
velding. 
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Protects Metals at 
Red Hot Temperatures! 


UP TO 2200°F 







~} z= > 
s => Heatproof Coating Stops 


) Corrosion, Scaling and 
U Vaekal Oxidation 
HEAT-PROOF 
COATING 


Es 





MARKAL “S-R” Coatings were devel- 
oped to protect metals, graphite or carbon 


parts against scaling, corrosion, oxidation, 
FOR HIGH TEMPERATURES 


“ or carbon and hydrogen penetration at 


PREVENTS conRosio® temperatures up to 2200°F. MARKAL 


°XiDatio yrizario® : - , 
me an ‘S-R” Coatings are excellent for the pro- 


a 


tection of stacks, radiant tubes, retorts, 
carburizing grids, mufflers, manifolds, etc. 
MARKAL “S-R” Coatings will not peel or crack at high tempera- 
tures and are not affected by rapid heating and cooling cycles. 
MARKAL Coatings are manufactured in a complete range of types 
for specific applications. Write for a free copy of Catalog MPC. The 
MARKAL COMPANY, 3087 W. Carroll Ave., Chicago 12, Illinois. 







































AMERICAN 
SHEAR KNIFE CO. 


HOMESTEAD, PENNSYLVANIA 





Pump runner weighing 11,000 Ib. and cast of Composition “G" at Baldwin-Lima-Hamilton’s Eddystone 
Division. This special Baldwin alloy, 87.5% copper, 8% tin, 4% zinc and .5% nickel, has a tensile 
strength of 50,000 psi. It is extensively used for shaft liners, bushings, air valves, pump cases and covers, 
impellers, and valve bodies. 


Hub section of 11,000 lb. pump runner cast by Baldwin 
passes inspection of 1,000,000-volt X-ray unit 


When Baldwin makes your castings, you know you get precisely what you 
specify. The hub section of this 11,000-lb. pump runner for the Byron Jackson 
Company, Los Angeles, Calif., went under the penetrating eye of Baldwin’s 
1,000,000-volt X-ray unit and was conclusively proved to meet the specifications. 

Made of Baldwin’s own Composition “G,” this runner was cast in cement 
bonded molds, which assure greater accuracy of pattern and minimum cleaning 
in the vane sections. 

B-L-H’s Eddystone and Standard Steel Divisions have both the skills and 
the facilities to produce any casting you need. So whatever your casting prob- 
lem, you can turn to Baldwin with complete confidence. 

For a copy of our illustrated Foundry Bulletin 6002, write to B-L-H Corpo- 
ration, Philadelphia 42, Pa. 


Electron microscope used by Baldwin to insure 
strict quality control of its foundry products 
where specified. 


The spectroscope is also in wide use at Bald- 
win. It has proved invaluable in many research 
projects dealing with nonferrous castings. 


BALDWIN: LIMA: HAMILTON 


BEddystone Division 


Philadelphia 42, Pa. 


Hydraulic turbines « Weldments «+ Dump cars ¢« Nonferrous castings 
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General Machine Shop at the Eddystone Division, Eddy 
stone, Pa., whose 1,500,000 square feet of manufacturing 
space includes huge fabrication shops and a nonferrous 
castings foundry. 





Blooming an ingot at the Standard Steel Works Division, 
Burnham, Pa., under one of the 2500-ton hydraulic presses. 








15-ft. planer in the Eddystone Division’s 
Southwark Shop. 


Vast, integrated Baldwin-Lima-Hamilton facilities 
enable Loewy-Hydropress to deliver your rolling mills on time 


When Loewy-Hydropress designs and builds your rolling mills, you aren’t 
plagued by the usual troublesome and expensive delivery delay. For Loewy 
has at its disposal the vast, yet smoothly integrated resources of the entire 
Baldwin-Lima-Hamilton Corporation. 
The two B-L-H divisions called upon most frequently to make parts for 
Loewy-designed rolling mills are the Standard Steel Works and Eddystone 
Divisions. The necessary steel components are cast or forged at Standard. 
And Eddystone, with its extensive machining facilities, supplies the com- 
pletely finished nonferrous castings and weldments. Other members of the 
B-L-H family with excellent facilities for producing rolling mill parts are the 
Hamilton Division, Hamilton, Ohio; the Austin-Western Division, Aurora, 
Ill.; and the Madsen Division, La Mirada, Calif. 
Close coordination among all Baldwin-Lima-Hamilton divisions is the 
chief reason why Loewy-Hydropress can deliver your rolling mills faster. 
To your individual production requirements, we design, build and install 
hot and cold rolling mills for ferrous and nonferrous metals, continuous 
merchant and wire-rod mills, skelp mills, two-high and three-high blooming 
mills, high-speed foil mills, continuous billet and sheet-bar mills, strip, 
slabbing, plate, structural, rail mills, and special mills. Write us today, Loewy-Hydropress designers at the company’s 
Dept. C-2, for illustrated bulletin L-164. headquarters in New York City. 





Loewy-Hydropress Division , 


BALDWIN: LIMA: HAMILTON 
111 FIFTH AVENUE, NEW YORK 3,N.Y. Rolling mills 
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HOW TO CONTROL ATMOSPHERES... 
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This generator produces atmosphere for the 
treatment of steel in a new, completely inte- 
grated eastern steel mill. A Bailey Combus- 
tibles Analyzer monitors and controls input 
fuel gas and controls performance. Other in- 
struments on Bailey Panel are Bailey Fuel/Air 
Ratio Recorder and Selector Station. 


compensates for variations in gas quality 


Whether you are making your heat treating atmos- 
pheres out of natural gas or a by-product fuel, 
variations in gas quality are bound to occur. When 
this happens, it is impossible to maintain a satisfac- 
tory gas-air ratio without exact knowledge of how 
the atmosphere has changed. The Bailey Combus- 
tibles Analyzer provides the logical solution to the 
problem. In most applications it is sensitive to less 
than £0.20, change in combustibles. It also assures 


uniform atmospheres and a uniform product. 


In a commonly used Bailey control system, the 
Analyzer constantly samples the atmosphere gas. 
When per cent combustibles varies, a pneumatic 
signal from the recorder automatically controls the 


fuel rate to adjust the gas-air ratio and maintain the 


BAILEY METER COMPANY | 


IRON AND STEEL DIV., 1047 IVANHOE ROAD, CLEVELAND 10, OHIO 
In Canada — Bailey Meter Company Limited, Montreal 


required amount of combustibles in the atmosphere. 


\ Bailey Oxygen Analyzer may be combined in the 
same case with the Combustibles Analyzer. Indicat- 
ing and recording the per cent oxygen in heat treating 
atmospheres determines air leakage into the con- 
trolled atmosphere furnace. [t may also be used as a 
further safety guide to indicate when a furnace has 
been purged effectively to permit the use of a haz- 
ardous blanketing gas. 

Let a Bailey Engineer plan an analyzing and control 
system for you that will continuously safeguard the 
quality of your atmospheres and of your final 
product. Or, write to the [ron and Steel Division for 
Product Specification E65-3 with complete details 


on the Bailey Combustibles Analyzer. $91 


METHOD 
: BUILDING 
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INSTRUMENTS AND CONTROLS FOR POWER AND PROCESS 
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y HARBISON-WALKER 


BASIC CHECKERS 
an unusual advantages for open hearth steel Turnaces 


With the rapidly increasing use of basic brick 
checkers for open hearth steel furnaces, many 
of the various kinds have been in service for 
careful comparisons. Among the various classes 
of basic brick used in this application, 
FORSTERITE L, the magnesium-silicate re- 
fractory, shows unusual merit. 

Important benefits which contribute to the 
good economy in the use of FORSTERITE L 
checkers are briefly enumerated. 


Increased durability under the 
most severe operating 
conditions 


FORSTERITE L checkers do not shrink or sub- 
side in soaking heats and higher preheat tempera- 
tures of the air are feasible. They are highly 
resistant to slagging and withstand the temperature 
changes involved without spalling. Because of the 
excellent stability of mineral composition under 
the prevailing regenerator conditions, FORSTER- 
ITE L brick do not permanently increase in volume 
nor become weak and friable. 


) After two campaigns—378 heats—Forsterite L Open Hearth Ready to go back into service. Cleaning is quickly and easily 
Checkers appeared as shown above. The friable character of the accomplished because Forsterite L Checkers resist slagging, spall- 
j slight dust build-up is apparent. ing and clogging. 


Dy crecker cleaning decreased 


Due to its chemical composition, iron oxides 
and basic slag carry-over, do not readily react with 
FORSTERITE L. These basic fluxes do not wet 
the FORSTERITE L brick which remain clean 
and free from excessive clogging. The necessity of 
cleaning FORSTERITE L checkers used for all or 
part of the setting is greatly decreased. 


BS 51 Greater heat capacity 

The inherent properties of the mineral for- 
sterite account for the higher heat capacity of 
FORSTERITE L brand, than that of alumina- 


silica refractories. The heat capacity of a checker 
setting of a given size thus is greatly increased. 


re 4 High efficiency maintained 
FORSTERITE L checkers retain their nor- 
mal texture and are less readily glazed than are 
various other kinds of basic, high alumina and 
alumina-silica refractories. High heat absorption 
is not reduced by increased reflection resulting 
from glazing.. 


HARBISON-WALKER REFRACTORIES COMPANY 


AND SUBSIDIARIES 


World's Most Complete Refractories Service 


GENERAL OFFICES: PITTSBURGH 22, PENNSYLVANIA 
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‘ROLL DEPARTMENT 





New Mack-Hemp electro 
contouring lathe removes metal 
at peak rates with .001 accuracy 


An electronic “pilot” guides this 48” Mackintosh-Hemphill contouring lathe 
recently installed in the Roll Department at Inland Steel Company’s Indiana 
Harbor Works. It is so precise that the lathe can finish contours into a roll without 
deviating more than .001” from the pattern on the full-size template. } 


Stylus contact with the template controls the lathe’s longitudinal- and cross- 
feed motors through electronic linkages. Thus, dual feed motion response of the 
tool holder carriage is instantaneous and smoothly continuous. Any conventional 
groove shape can be duplicated—it is even possible to make an accurate cut on 
a shoulder vertical to the axis of the roll. 

But this precision of control is only one reason why the big lathe can turn 
shape rolls so rapidly. It has been designed and built to handle some of the 
heaviest torsional loads ever imposed on a lathe. For example: 


It can operate continuously through a %"’ cut depth with feeds 
between .060” and .100’’, and with spindle speeds up to 62 RPM. 
It can turn rolls or forgings 50’’ in diameter and 18 feet long. 


If you are planning to install new large-roll turning capacity, you'll be wise to 
investigate these cost-cutting automatic contouring lathes. Write us today for ) 
complete information. They're available in 48”, 60” and 72” sizes. 


Inland’s new 48” Mack-Hemp automatic lathe here is cutting passes into a new roll for 
a 3-high structural mill that rolls 15” I-beams. Hardness of the roll is 42 Shore. 








MACKINTOSH-HEMPHILL 


DIVISION OF 


E. W. BLISS COMPANY 
Makers of the rolls with the Striped Red Wabblers 


901 Bingham Street, Pittsburgh 3, Pa. 


cast mill rolls * Johnston cinder pots * rotary tube straighteners * end-thrust bearings 
heavy duty lathes * steel and special alloy castings 








L. B. WORTHINGTON 


Personnel News... 





Leslie B. Worthington has been appointed president 
of Columbia-Geneva Steel Division of United States 
Steel Corp., with headquarters in San Francisco, Calif. 
In his new post, Mr. Worthington succeeds the late 
Alden G. Roach. For the last 11 years, Mr. Worthington 
has been president of U.S. Steel Supply Division, whose 
main offices are in Chicago. At the same time, Loren 
J. Westhaver was named executive vice-president. 
Mr. Worthington began his career with U. 8S. Steel 
in 1923 as a sales apprentice at the South Chicago 
Works of Carnegie-I]linois Steel Corp. He became 
assistant manager of sales in the Chicago District of 
Carnegie-Illinois in 1933 and, two years later, was 
appointed manager of the St. Paul district sales office. 
Subsequently, he was attached to the Detroit sales 
office for five years before being transferred to Pitts- 
burgh, where he was in charge of sales of bar, strip and 
semi-finished materials for Carnegie-Illinois. In 1942, 
Mr. Worthington was elected vice president of U. 5. 
Steel Supply Division, becoming its president in 1946. 
Mr. Westhaver has been vice-president—operations 
for Columbia-Geneva since 1955. Formerly, he was 
the division’s vice-president and manager of its Utah 
operations. He started with U. S. Steel in 1928 as a 
tester at American Steel & Wire Company’s South 
Works in Worcester, Mass. He progressed through 
various positions to that of assistant superintendent 
and then superintendent of the open hearth and rolling 
mill departments. In 1939 he was made steel works 
superintendent. Transferred to the company’s Donora, 
Pa., Steel & Wire Works in 1942, Mr. Westhaver was 
named general superintendent there in 1943. Appointed 
district manager of operations for the company at 
Duluth in 1949, he was transferred to a similar position 
with Geneva Steel Co. at Salt Lake City in 1950. 
J. D. McCall succeeds Mr. Westhaver as vice-president 
operations. He has been general manager of operations 
for Columbia-Geneva since 1955. After starting his 
business career in Oakland, Calif., Mr. McCall joined 
Columbia Steel Co., in 1936 as an engineer and statis- 
tician at its Pittsburg Works. He later was promoted to 
assistant industrial engineer and in 1938, was named the 
plant’s works industrial engineer. From 1940 to 1942, 
Mr. McCall served as assistant general superintendent 
at Columbia Steel’s Torrance Works. Returning to 





L. J. WESTHAVER 








Pittsburg Works as assistant general superintendent in 
1942, he became general superintendent there in 1947. 
He was appointed assistant general manager—opera- 
tions of the Columbia-Geneva Division in 1954. 


Robert R. Elsasser has been named superintendent 
of Gambrinus plant tube mills, and George Messer 
superintendent of finishing departments of the Steel 
and Tube Division of The Timken Roller Bearing Co. 
Mr. Elsasser started with Timken as a sales trainee in 
1936 and became sales engineer in the” Cincinnati 
office in 1937. He returned to the Canton steel mill in 
1942, as a processing engineer. He became superintend- 
ent of the Newton Falls plant in 1944. When that plant 
closed in 1946 he returned to Canton as assistant super- 
intendent of finishing and was then promoted to assist- 
ant superintendent of tube mills, a position he held until 
his present promotion. Mr. Messer has been with the 
company since 1933 when he started as a machinist in 
the Canton Steel Mill. He was transferred to the 
Gambrinus die shop in 1940 as a machinist and super- 
vised the training of new employes for that department. 
In 1945 he was promoted to general foreman of the Cold 
Draw Department, the job he held until his promotion 
to superintendent of finishing. 


Robert Urquhart, who has been general superin- 
tendent of Lorain Works, National Tube Division, 
United States Steel Corp., has been transferred to the 
division’s Pittsburgh office as an executive assistant 
to the vice-president—operations. A veteran of forty- 
three vears in the steel industry, Mr. Urquhart joined 
U.S. Steel at the Homestead District Works. He served 
in various capacities there, eventually becoming as- 
sistant general superintendent of that works, until his 
appointment in February of 1948 as general superin- 
tendent of National Tube’s Lorain Works. Truman H. 
Kennedy has been appointed general superintendent 
of Lorain succeeding Mr. Urquhart, and Louis F. 
Sattele has been named to succeed Mr. Kennedy as 
general superintendent of the Division’s National 
Works, McKeesport, Pa. From 1933 until 1940 Mr. 
Kennedy held various positions with the Inland 
Steel Co. and the Interlake Iron Corp. in the blast 
furnace department. He joined National Tube in 1940 
as assistant superintendent of blast furnaces at Na- 
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H. N. HUBBARD 


tional Works, McKeesport. The following year he was 
made superintendent of the furnaces and on January 1, 
1946, he became assistant general superintendent there, 
heing promoted to general superintendent in 1948, the 
position held at the time of his new appointment. Mr. 
Sattele, who before his new appointment was assistant 
Lorain Works, joined 
National Tube at Lorain in the operating department. 
In 1936, he was transferred to National Works as 
assistant superintendent of blast furnaces and in 1941 
was named superintendent of pipe mills. One year 
later, he was transferred to the U. 8S. Steel Division’s 
Kliwood Works, Ellwood City, Pa., as assistant gen- 
eral superintendent, and in 1943 was transferred again 


general superintendent — of 


to Lorain as assistant general superintendent. 


Howard N. Hubbard succeeds Mr. Sattele as assist- 
ant general superintendent of Lorain Works. Mr. 
Hubbard has been division superintendent of the lower 
works, operating dept., which includes all steelmaking 
facilities. 


Ernest F. Donatic was named general superintendent 
at the Kaiser Steel Corp. plant at Fontana, Calif. 
Formerly assistant general superintendent of services, 
Mr. Donatie will assume responsibilities in coordi- 
nating the activities of the iron and steel, rolling mills, 
and services divisions at the plant. He joined Kaiser 
Steel in 1946 as assistant superintendent of main- 
tenance, following 23 years with Republic Steel Corp. 
in Chicago, where he had been assistant superintendent 
in charge of electrical maintenance and crane repair. 


Gordon A. Zwissler succeeds Mr. Donatic as assist- 
ant general superintendent in charge of services. From 
1936 to 1946 Mr. Zwissler was employed in various 
plants of the Carnegie Illinois Steel Corp. and came to 
Kaiser from the Youngstown, Ohio, Works, where he 
had been superintendent of transportation and _rail- 
roads. At Kaiser he was chief industrial engineer and 
then transferred to the blooming mill operations where 
he was appointed superintendent in 1948. In 1953 he 
became division superintendent, rolling mills, and 
directed the operations of the electric weld, continuous 
weld, cold roll, merchant-skelp, blooming ard struc- 
tural mills, the soaking pits, conditioning yards and 
cranes. 
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E. F. DONATIC 


Reynold C. MacDonald was appointed division 
superintendent of rolling mills replacing Mr. Zwissler. 
He joined Kaiser in 1946 in the Industrial Engineering 
Department. He transferred to the rolling mills and 
worked as foreman and general foreman in conditioning 





R. C. MAC DONALD 


vards, then as assistant superintendent in the merchant- 
skelp mill, before assuming his post as superintendent in 
the blooming mill section in 1953. 


H. H. McCorkle has been made superintendent of 
safety, Warren District, Republic Steel Corp., and E. C. 
Norris, Jr., succeeds Mr. McCorkle as assistant super- 
intendent of industrial relations. 


Donald I. Bohn has retired from Aluminum Co. of 
America after more than 34 years of service. Mr. 
Bohn, whose retirement became effective January 1, 
had been Alcoa’s manager of special electrical develop- 
ment engineering since 1953. Previously, he had served 
for nine years as the company’s chief electrical engi- 
neer. 


Chalmers C. McElvain has been named assistant 
manager at the Baltimore works of Armco Steel 
Corp. In addition Walter H. Roskott has been ap- 
pointed works industrial engineer. Mr. McElvain was 
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Greater Rigidity of Structure through Use 
of Rolled Sections 

Fully Equalized Loading on Truck Wheels 

Trolley Accident Prevention with Dravo 
Hydraulic Buffers 

Use of Unit Construction for Mechanical 

Elements 


POSITIVE WIND PROTECTION 
WITH DRAVO RAIL CLAMPS 


Dravo Rail Clamps provide positive clamping of the 
unloader to its runway rails and will hold in winds 
having velocities over 100 miles per hour. No adjust- 
ments necessary to keep clamps in working order. 





DRAVO Automatic Rail Clamps 
keep unloaders safe in winds above 100 mph 


Dravo-designed Automatic Rail 
Clamps provide positive clamping 
and never need adjustment. Many 
other such features result from the 
fact that... Dravo bulk materials 
handling equipment is individually 
designed to handle each specific job 
economically, dependably and 
safely. Such performance is achieved 
by bringing together the customer’s 
operating knowledge and the ex- 
perience of Dravo’s research, 


Uae 
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design and construction men. 

This method has resulted in high 
efficiency unloaders and other bulk 
materials handling equipment that 
produce because they are tailored to 
fit the job. Dravo engineering fea- 
tures, built into every structure, pro- 
vide for low maintenance and oper- 
ating costs. For complete informa- 
tion on unloaders or ore bridges 
write to Dravo Corporation, Pitts- 
burgh 25, Pa. 





DRAVO 


CORPORA T 


Blast furnace blowers © boiler and power plants * bridge sub-structures * cab conditioners * docks and unloaders * dredging * fabricated piping 
foundations gantry and floating cranes * gas and oil pumping stations * locks and dams » ore and coal bridges * process equipment * pumphouses and 
intakes © river sand and gravel © sintering plants * slopes, shafts, tunnels * space heaters * steel grating * towboats, barges, river transportation 
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can’t see 
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You can’t always see 





. : ao what makes a gear- 
motor outstanding. 
It’s the attention 
paid to small design 


details that makes the 





difference. Here are 
— a few of the details 
, that make the new 
| Reliance Gearmotor 


a 4 stand above the rest. 





























FOOLPROOF METERMATIC INDUCTION HARDENING of SIMPLIFIED GEARING with THRUST BEARINGS handle 
motor bearing lubrica- the tough alloy steel few moving parts re- heavy overhung loads 
tion and oil bath gear gears gives a perfect duces friction losses and safely by placing strain 
lubrication for long-life combination of wear re- lessens chances of break- on the frame instead of 
protection against wear. sistance and strength. down. the shafts. 





Find out the complete story for yourself— contact your REIN 


Reliance representative or write for Bulletin E-2408. 


E-1509 


RELIANCE tncintrainc co-° 









REDUCE 





SPEED 
CLEVELAND 10, OHIO + OFFICES IN PRINCIPAL CITIES 





Canadian Division: Welland, Ontario 


= 
mF 
4 
lron and Steel Engineer, February, 1957 : 





REINHOLD SCHEMPP 


rmerly administrative assistant to the manager and 
ead of the industrial engineering department. After 
everal assignments at Armeco’s general offices at 
\liddletown, Ohio, he came to the Baltimore Works as 
vorks industrial engineer in 1945. Mr. Roskott has 
een with Armco since 1940, and was formerly senior 
ndustrial engineer at the Baltimore Works. 


Reinhold Schempp has been named manager of 
Crucible Steel Co. of America’s Sanderson-Halcomb 
Works, Syracuse, N. Y., and S. A. Fronek was chosen to 
head Park Works in Pittsburgh, Pa. Each previously 
served as assistant manager of his respective plant. 
\[r. Schempp succeeds R. A. Schneid and Mr. Fronek 
replaces S. A. Jackson. Both Mr. Schneid and Mr. 
Jackson retired on December 31, 1956. 


F. Bruce Bevelheimer has joined Jones & Laughlin 
Steel Corp. as power and fuel engineer on the staff of 
the chief engineer. Mr. Bevelheimer comes to J & L 
from the Steel Division of the Ford Motor Co., where 
he served in a similar position. Prior to joining Ford, 
he spent two years at Colorado Fuel and Iron Corp., 
and 19 years in the fuel department of Bethlehem Steel 
Co.’s Sparrows Point Plant. 


S. W. Wheeler has been named assistant chief 
engineer of Republic Steel Corp.’s Warren Ohio, Dis- 
trict. Mr. Wheeler, mechanical engineer for the district 
since 1948, succeeds I. H. Lundgren who recently was 
promoted to chief engineer. 


Owen R. Rice and Fred W. Rys have been given new 
assignments in the Engineering and Construction 
Division of Koppers Company, Inc. Mr. Rice, a divi- 
sional vice-president who formerly was manager of the 
Freyn Engineering Department, has been named a 
special consultant to Dr. Rueckel. Mr. Rys has been 
named to succeed Mr. Rice as vice-president and man- 
ager of the Freyn Department. 


Conrad F. Nagel, Jr., vice-president of Aluminum Co. 
of America has retired after more than 41 years’ service 
with Aleoa. Mr. Nagel became chief metallurgist for 
\leoa in 1944, and was elected a vice president in 1952. 
He also has served as chairman of Alcoa’s technical 
committee. 


Donald H. Turner, a specialist in the melting of 
refractory metals, has been appointed supervisor of 
melting and heat treating services at Armour Re- 
search Foundation of Illinois Institute of Technology. 


S. A. FRONEK 











He will be in charge of precision heat treating of metals, 
including special materials, and vacuum induction and 
are melting processes. 


Dr. Clarence Zener has been appointed director of 
the Westinghouse Research Laboratories. Dr. Zener 
assumes his new post after five years as an associate 
director and a year as acting director of the Labora- 


tories. 


William C. Ruland, district sales manager for Yale « 
Towne Manufacturing Co., hoisting equipment in the 
St. Louis, Mo., area, has been promoted to a similar 
position in the Detroit, Mich., area. He succeeds 
Neal Kemp who was recently appointed a regional 
sales manager for all Yale materials handling equipment 
in the Midwest. 


Paul M. Brister has been appointed manager of the 
Engineering Design Section of The Babcock & Wilcox 
Co.’s Manufacturing Engineering Department. Suc- 
ceeding Mr. Brister in the New York office as Iengineer- 
ing Department coordinator is William D. Stevens. 


F. L. Griffith and F. W. Blanchard were elected vice- 
presidents of Hewitt-Robins, Inc. Mr. Blanchard will 
be responsible for manufacturing and engineering in 
the company’s industrial products divisions. During 
the last six months he has been serving as assistant 
to the executive vice president, and previous to that 
was manager of operations of the Hewitt Rubber 
Division’s plant at Buffalo, N. Y. Mr. Blanchard 
joined Hewitt-Robins in 1936 as an engineer and drafts- 
man. He subsequently became plant engineer, chief 
engineer and, in 1945, factory manager. 


Kenneth L. Vore has been appointed an assistant 
vice-president—traffic of the United States Steel Corp 
Mr. Vore has been general traffic manager of the West- 
inghouse Electric Corp. since 1953. 


A. I. Nussbaum, formerly sales manager of Stanat 
Manufacturing Co. Ine., has joined the Loma Machine 
Manufacturing Co. Ine. and will be in charge of their 
Rolling Mill Division. Mr. Nussbaum has had twelve 
years of experience in the fabrication of ferrous and 
non-ferrous semi-finished products. 


Fred M. Gillies was elected chairman and chief ex- 
ecutive officer, and Guy T. Avery was elected presi- 
dent and chief administration officer of Aeme Steel Co 


Carl J. Sharp, former chairman, continues as chairman 
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J.P. WILLIAMS 


of the executive committee. Mr. Avery, the new presi- 
dent, has been with Acme Steel 36 years, and has been 
executive vice-president since 1953. 


James P. Williams was appointed manager of en- 
gineering and planning at the Kaiser Steel Corp. plant, 
Fontana, Calif. Mr. Williams came to Kaiser as chief 
industrial engineer in 1945 from Geneva Steel, Utah, 
where he had been plant industrial engineer. Previously 
he had served as assistant to the chairman of the open 
hearth, bessemer and rolling mills committee at the 
Pittsburgh office of United States Steel. 


James O. Dague was appointed superintendent of 
the mechanical department at Bethlehem Steel Co.'s 
Lackawanna, N. Y., plant. Mr. Dague, assistant super- 
intendent since 1949, sueceeds the late W. C. Daniels. 


Thomas W. Wilson, safety supervisor of the Buffalo 
plant of Republic Steel Corp., has been promoted to 
the newly created position of assistant superintendent 
of industrial relations for safety, fire prevention, and 
housekeeping. He started with Republic as a strander 
in the eight-inch bar mill in 1937. Subsequently, he 
advanced to the combustion engineering department 
and in 1946 was named assistant safety supervisor. 
In March 1952, he was promoted to safety supervisor. 


John E. Kearns has been appointed manager of a 
new Bristol Co. district sales office at San Francisco, 
Calif. Mr. Kearns has been with Bristol since 1936. 
He has served as sales and service engineer at the 
company's New York, Birmingham, and New Orleans 
offices. For the past four years he has been in the 
Application Engineering Department at the home 
office, specializing in automatic control. 


Thomas M. Rees, formerly President of the Rees 
Machinery Co., Ine., of Pittsburgh, Pa., is now affili- 
ated with the Stanley Berg Machinery Co. in the sale 
of heavy machinery in the Pittsburgh and tri-state 


area, 


R. W. Vollmer has been named to fill the newly 


created position of assistant to the general manager 
of the Engineering and Construction Division of 
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J. O. DAGUE T. W. WILSON 


Koppers Co., Inc. At the same time J. S. Atwood 
was appointed to succeed Mr. Vollmer as manager of 
the Chemical Department of the Engineering and Con- 
struction Division. 


Quentin M. Bloom was promoted to manager, 
Furnace and Kiln Division and Charles A. McFadden 
to manager, General Industry Division of Selas Corp. 
of America. Mr. Bloom joined Selas in 1940 as design 
engineer and subsequently served as sales engineer and 





Q@. M. BLOOM 


as project engineer. Mr. McFadden has been with 
Selas since 1943, joining the firm as fuel engineer in the 
laboratory, and later became sales engineer and project 


engineer. 


Raymond C. Withrow has been appointed to the 
position of manager of rust preventive sales, Valvoline 
Oil Co. Mr. Withrow, who was manager of industrial 
lubrication oil and grease sales, will be succeeded by 
Taylor A. Hied, previously technical service engineer. 


David H. Nicholson was named vice-president ol 
manufacturing of Morgan Engineering Co. Mr. Nichol- 
son came to Morgan after two vears with the Electric 
Storage Battery Co. where he was director of personnel 
and industrial relations for Philadelphia operations. 
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CONE PAYOFF STRIPPER, FLATTENER AND SHEAR 
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. Gameo has the equipment you need. If you use trimming 


units, plate shears, slitting units, coil openers, or ANY OTHER 
SPECIAL steel mill equipment, you will be money ahead if you 
contact STAMCO. Call or write us today. No obligation. 


STAMCO, INC., NEW BREMEN, OHIO, U.S.A. 
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A. L. HOLLINGER 


From 1946 to 1951, he was assistant director, industrial 
relations at U.S. Pipe and Foundry Co. He was also 
director of personnel for the Fort Pitt Steel Casting Co. 
for seven vears, 


Albert L. Hollinger, vice-president, Surface Com- 
bustion Corp., has been appointed vice-president in 
charge of sales of all industrial divisions of the cor- 
poration. Mr. Hollinger has been sales manager of the 
Steel Mill 1930. Donald K. Martin, 


Pittsburgh District sales manager, is the newly ap- 


Division since 


Permanent Magnet 
Separators 


Save wear on roll neck bearings 
and other vital contact points by 
extracting ferrous grit—rust, steel 


particles worn off equipment, core Model PQ-6 for 3” pipe line 





sand, etc.—from lines circulating available with screwed or 
lubricating oil in heavy mill equip- flanged connections. Other 
ment. sizes from */s” to 8”. 
Send for S. G. FRANTZ CO., Inc. 
BULLETIN Brunswick Pike and Kline Ave. 
PM-44 P. O. Box 1138 Trenton 6, N. J. 
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D. K. MARTIN 


pointed sales manager of the Steel Mill Division. Mr. 
Martin has been with the corporation for 27 years. 
During the major portion of his career he has been 
associated with field construction and operation of large 
steel mill installations. In 1943 he was transferred to 
the Pittsburgh office, where he later headed up sales of 
both steel mill and heat treat furnaces. 


Victor F. Stine has been elected to serve as the new 
president of Pangborn Corp. at the same time Ralph 
M. Trent was named a director and executive vice- 
president, and W. O. Vedder a vice-president. Thomas 
W. Pangborn, founder and president of the corpora- 
tion since 1904 will continue to serve as chairman of the 
board of directors, while John C. Pangborn, former Ist 
vice-president will fill the office of vice-chairman of the 
board. 


O¢éz, ‘eg 


J. Heber Parker, 75, chairman of the board of 
directors of the Carpenter Steel Co., died Dec. 28. 


George R. Flierl, superintendent, power and fuel de- 
partment at Sharon Steel Corp., died November 22, 
1956. 

Terryl B. Montgomery, 56, chief engineer of Allis- 
Chalmers Manufacturing Co.’s electrical application 
department, died Dee. 7. 


NOW-ALLOY CHAIN | 
REPAIR SERVICE 


in PITTSBURGH and HAMMOND 


For greater safety and economy, have your 
Alloy Sling Chains returned to either our 
Pittsburgh or Hammond plant for repair, 
inspection and testing, at nominal cost. 


S. G. TAYLOR CHAIN CO., Hammond, Ind. 
and 3505 Smallman St., Pittsburgh 1, Pa. 
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PERFORMANCE, EASY INSPECTION AND MAINTENANCE 


Sure, we like Square D 
performance because it keeps our 
“down time” at a minimum. BUT— 
everybody knows that even the 
best starter needs periodic inspec- 
tion and preventive maintenance. 
We like the way Square D makes it 
easy to handle those routine jobs. 








1 Loosen two screws and the 2 Remove four screws and 
arc chamber cover comes off. entire movable assembly can 
Every contact surface can be ibe lifted off. Disconnect two 
inspected at a glance. wires and slip off magnet coil. 





OFF-THE-SHELF PARTS KITS 
They make normal maintenance and 

modifications easier than ever. Pack- 

aged parts include interlocks, contacts, 


3 Contacts are attached with 4 Sizes 0 through 4 starters 
separate screws—they can have these separate mounting 
be removed and replaced _ electrical interlocks for easier 


coils, overload relays, pushbuttons and without disturbing any wiring. _ installation. Contact block is 
selector switches. They're easy to buy A screwdriver is the only tool attached from front of panel 
? needed. with two screws. 





easy to identify, and faster to install. 


nNow...EC&M propucts ARE A PART OF THE SQUARE D LINE! 


SQUARE J) COMPANY 
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| Oxygen Plant 


GREAT LAKES _ 
STEEL a 
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Erected by ci 


As pioneers the steel industry has had few equals. A new frontier in steel 
making has been opened up through the utilization of oxygen for Besse- 
mer converters and open hearth furnaces. The recent installation of the EICHLEAY SERVICES 

oxygen plant at the Great Lakes Steel Company is a step forward to * Industrial Installations 
progress. The Eichleay Corporation is certainly most pleased to have been 


responsible for the complete erection of the plant and hope that in some * Construction of Heavy 





small way we have blended our talents with those of the steel industry in Foundations 
its pioneering for better methods of steel production. Eichleay Corporation * Building and Machinery 
stands ready to perform specialized mechanical installations for either the Moving 
making or processing of steel products. For a pioneering program, use a * Shoring-Rigging 
pioneering constructor such as Eichleay. 
» 
EC 






CORPORATION ©... 


33 South 19th St., Pittsburgh 3, Pa. <WRRSATILITY SPEED ECONOMY 
1180 Richard Ave., Santa Clara, Calif 





ASGITY «=«--: EXPERIENCE ACCURACY 
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(1) Insulating Firebrick 


A bulletin that gives a detailed 
description of the relationship be- 
tween heat losses and the weight 
of refractory linings has been pub- 
lished by The Babcock & Wilcox 
Co. The results of the studies 
performed on a number of produc- 

ing installations are included as 
ps, Poccna of the fuel savings made 
possible by the use of light weight 
insulating firebrick. (R-43) 


(2) Engineering Projects 

Kaiser Engineers has published 
a booklet explaining their perfor- 
mance in major industrial projects. 
The booklet discusses how the firm 
makes a careful advance study of 
all the related problems involved 
in a project, thereby insuring the 
execution of a better planned proj- 
ect. It also relates Kaiser's ex- 
perience in all phases of engineer- 
ing analysis and design. 
(3) Cast Alloys 

The latest revision of the list of 
standard designations and chemi- 
cal composition ranges for heat 
and corrosion resistant cast alloys 
has just been issued by the Alloy 
Casting Institute. Noteworthy is 
the addition of two new cast 
alloys of the “18-8” variety, with 
very low carbon contents. 


(4) Insulated Cables 


National Electric Products Corp., 
has released a bulletin discussing 
the composition, tested ‘in use” 
properties and suggested ap- 
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You Can Obtain... 


.. any of the bulletins reviewed 
in the Publication Service of the 
IRON AND STEEL ENGINEER 
without obligation or cost. Simply 
circle the desired item numbers 
on one of the prepaid postal cards 
and mail. The requests will be 
forwarded to the mannfacturers 
involved who will send the bulle- 
tins to you. 


Note: Post cards ire three the 
after publication date. 














plications of insulated-neoprene 
sheathed non-metallic cables. The 
bulletin contains evidence of 
the “weathering” properties of 
their rubber insulated-neoprene 
sheathed, non-metallic cables 
when exposed to aggressive sun, 
water and soil conditions. Ap- 
propriate charts provide data on 
size, strand construction, insula- 
tion sheathing, outer diameter and 
shipping weights. 
(5) Industrial Lighting 

A new industrial lighting book- 
let has been made available by 
Sylvania Electric Products, Inc. 
The booklet features sections on 


Publication Service... 


safety and visibility factors, stand- 
ards for use in pone plant 
lighting, uses of fluorescent, in- 
candescent and mercury vapor 
lamps; lighting of other areas, 
maintenance, and condensed cata- 
log data on fixtures. The booklet 
outlines the four related visibility 
factors of size, contrast, time and 
brightness, and lists 10 advantages 
ae be gained from improved light- 

ollowing a section which 
details the standards and measure- 
ments used in ing proper 
lighting for ts, the booklet 
features special sections on the 
three major light sources com- 
monly used for industrial illumina- 
tion—fluorescent, mercury vapor 
and incandescent. er sec- 
tion discusses fixtures for each of 
the three light sources. 


(6) Silicone Lubricants 


A new comprehensive brochure 
describing silicone lubricants 
available in quantity from Dow 
Corning Corp. has been released. 
Properties and performance of 
various silicone oils, greases and 
compounds are discussed. Many 
typical applications are listed and 
illustrated, and the booklet in- 
cludes helpful technical data in 
easy to understand tables and 
graphs. Special attention is given 
to Pg speed, high temperature 

problems, and the 
a» A. influence of such consid- 
erations as bearing load, speed, 
metal combinations and fit-up are 
explained in detail. 
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et) Se is onc ccceeeek ends 6eessaeeesbaccoeneene BULLETIN 105........0+. Electric motors 
a i Se Ci atc ceenedekekssceseseeesenssin SPEC. BESB.ccccccccccces Combustibles analyzer 
ee es ice a tedden eeesedebenewaneweneeeeenul BULLETIN P1260........ Automatic heating controls 
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The highly sensitive apparatus used for 
Pole Star production-line impulse tests 
includes a “check-and-double-check”’ 
warning system to prevent even “bor- 
derline" units from being overlooked. 
In addition to the oscillographic flash 
} which the operator checks and analyzes, 
the apparatus is equipped with a warn- 
ing light and buzzer, both of which are 
activated by even a one-turn high 
voltage short circuit. 





# 








He's checking the POLE STAR 's impulse 
before giving it a clean bill of health 





| After Pole Star distribution transformers have passed The apparatus used for detecting failures during these 
all required ASA and NEMA tests*, they are given a tests is so sensitive that it will disclose even a one-turn 
series of final checks to make absolutely certain they high voltage short circuit. 
are just as dependable as their name implies. Every This rigid quality control typical of Pennsylvania's 
Pole Star from 3 through 100 kva, 18 kv and below is production methods — means added years of trouble- 


completely impulse tested without arresters — being free service with Pole Stars, and important reductions 


subjected to production-line tests that simulate the ‘.- maintenance. 


impulse surge conditions likely to occur throughout *ASA and NEMA standards require tests for winding resist- 


ance, winding and tap ratio, polarity and phase relation, core 
loss, exciting current, copper loss, and impedance, as well as 
applied and induced voltage insulation tests. These represent 





the entire transformer during actual service. 


i ¢ : ' a 
RUARY,® = Such thorough testing of each Pole Star's resistance to 


; ; . . . only a partial listing, however, of the numerous tests both 
5 5 impulse surges is accomplished by checking the effect eke 8, of - ; 

9 70 ' mechanical and electrical which Pole Stars and their com- 
3 84 of surges between layers and turns as well as to ground. ponent parts and materials must undergo. 

7 


J6,/ Production (mnitiots made Fete Stair Bat / 
PENNSYLVANIA TRANSFORMER COMPANY 


A McGraw Electric Company Division CANONSBURG, PA. Greater Pittsburgh District 


Pole Star Transformers are available in all standard single phase distribution sizes from 3 through 500 kva, through 67,000 volts. 
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FRANK W. ALLEN 
Turn Foreman Utilities Dispatching 
I S. Steel Corp 
Fairless Works 
Fairless Hills, Pa 

FRED H. BAILEY 
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Universal-Cyclops Steel Cor; 
Bridgeville Pa 
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I Ss Steel Corp 
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Pittsburg, Calif 
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U.S. Steel Cory 
Pittsburgh, Pa 
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Columbia-Geneva Steel Division 
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Warren, Ohio 
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Wheeling, W. Va 
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Pittsburgh, Pa 
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Columbia-Geneva Steel Division 
Geneva, Utah 
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JAMES R. DUBY 
Design Enginee 
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Youngstown, Ohio 
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H. J. FORSYTH 
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Republic Steel Corp. 
Youngstown, Ohio 
JOHN J. GRIFFIN 
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RICHARD GROVI 
Industrial Engineer 
United States Steel Corp 
Columbia-Geneva Steel Division 
Pittsburg, Calif 
GORDON E. GUY 
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Niles, Ohio 
HAROLD F. HAAS 
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Gary Steel Works 
Gary, Ind 
DONALD C. HAYS 
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Vechanical Enginee 
Sheffield Steel Division 
Armeo Steel Corp 
Kansas City, Mo 
BELA KOJA 
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U.S. Steel Corp. 
American Steel & Wire Division 
Cleveland, Ohio 
VICTOR J. KRYST 
Electrical Enginee 
Republie Steel Corp. 
Alpena, Mich 
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ROBERT |! LAUX 
Supe 180 Employee Services Section 
Ford Motor Co 
Dearborn, Mich 

ALBERT E. LAWRENCE 
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Hamilton, Ontario, Canada 
ARTHUR J. MeNABB 
iss't. Chief Engineer 
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Columbia-Geneva Steel Division 
Pittsburg, Calif 
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Sup't. Yard Service 
Armco Steel Corp 
Kansas City, Mo 
WILLIAM N. SMITH 
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Universal-Cyclops Steel Corp 
Bridgeville, Pa 
DAVID N. SPIERLING 
Technical Service Met 
Detroit Steel Corp 
Detroit, Mich 
WARREN R. STONE 
Vethods Enginee 
| > Steel Corp 
Columbia-Geneva Steel Division 
Pittsburg, Calif 
ZANE 8. TAYLOR 
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| S. Steel Corp. 
Columbia-Geneva Steel Division 
Orem, Utah 
FRED G. THEIMER 
iss't. Chief Engineer 
Phoenix Iron & Steel Corp. 
Phoenixville, Pa 
EVAN JAMES TILLY 
Steam Enginee 
Jones & Laughlin Steel Corp. 
Aliquippa, Pa. 
NED E. TUCKER 
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Columbia-Geneva Steel Division 
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MERVYN H. WARLOW 
iss't. Chief Engineer 
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Warren, Ohio 
RAYMOND E. WELDAY 
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JOHN EARL WHALEN 
Chief Maint. Supervisor 
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Engineering Ass’t. E. D. T. Cranes 
The Steel Company of Canada, Ltd. 
Hamilton, Ontario, Canada 
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HARRY D. ANDES, JR 
Sales Engineer 
Mesta Machine Co 
Pittsburgh, Pa 
RICHARD F. BALEY 
Ass't. Sales Manage 
American Fire Clay & Products Co. 
Canfield, Ohio 
EMORY W. BELL 
{pplication Enginee 
E. W. Bliss Co 
Rolling Mill Division 
Canfield, Ohio 
EDWARD M. BURNS 
Project Enginee 
Giffels & Vallet, Ine 
Detroit, Mich. 


JAMES BURROWS, JR. 


Engineer 
Aetna Standard Engineering ¢ 
Pittsburgh, Pa 

A. MALCOLM CURRY 
Electrical Enginee 
Aluminum Company of America 
Pittsburgh i 

W. H. CURRY 
General Sup't 
W aunakee Alloy Casting Cory 
Waunakee, Wis 

B. T. DAY 
Vice President 
American Fire Clay & Products Co 
Canfield, Ohio 

LLOYD P. DEWEY 
Project Enginee 
Matteson | quipment Co Im 
Poland, Ohio 

THOMAS L. DINEEN 
Sales Representative 
Allis Chalmers Mfg. Co 
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EDWARD J. DOOLITTLE 
Sales Enginee 
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Cleveland, Ohio 

WERNER W. EIBE 
Design Enginee 
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New York, N 

J. E. FRIESS 
District Industrial Heating Spe 
General Electric Co 
Philadelphia, Pa 

W. H. HOPPER 
Sales Enginee 
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Hamilton, Ontario, Canada 

EDWARD M. HOLUB 
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Linde Air Products Co 
Plainfield, N. J 

KARL J. KELLY 
Field Enginee 
1-T-E Cireuit Breaker Co 
Buffalo, N 

ERIC T. JACKALIN 
Development Engines 
Canadian Steel Foundries, Ltd. 
Montreal, Quebec, Canada 

( M LUTH 
Project Engineer and Advertising Manag 
Loftus Engineering Corp. 
Pittsburgh, Pa 

CARLTON M. MARQUARDT 
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esident 
Industrial Physies & Electronics Co 
Salt Lake City, Utah 
ANDREW C. MARSTERS 
P oposal Enginee 
Morgan Construction Co. 
Worcester, Mass 
MARVIN E. MURPHY 
Steel Vill Engineering 
General Electric Co 
Schenectady N. ¥ 
M. A. NYE 
Chief Engineer 
Vaughn Machinery Co 
Cuyahoga Falls, Ohio 
FRANK P. PFEIFFER 
Chief Mechanical Engineer 
United Engineers & Constructors, Ine 
Philadelphia, Pa. 
CHARLES F. RATCLIFFE 
Vechanical Enginee P 
United Engineers & Constructors, Inc 
Philadelphia, Pa. 
R. M. ROBBINS 
Engineer, Steel Mill Controls 
General Electric Co. 
Detroit, Mich. 
RICHARD M. SILLS, JR. 
Steel Mill Unit A pplication Engineering 
General Electric Co. 
Schenectady, N. Y. 
H. B. STAHL 
District V anager 
Linde Air Products Co 
Union Carbide & Carbon Corporation 
Birmingham, Ala. 
PAUL J. STEIN 
President 
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Pittsburgh, Pa. 
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ANOTHER 
COMPLETE 
RAMTITE™ 

NEW FURNACE 
ENCLOSURE 


of a reheat ball mill furnace 
at Algoma Steel Corp., Ltd. 


Sault Ste. Marie, Ontario, Canada 
Furnace is 38’-0” wide inside. 


Furnace side walls consist of block 
insulation against the steel casing, 
then a lining of insulating firebrick 
and 12” of Ramtite securely anchored 
to the outside casing by corrugated 


anchor tile. 


toof, burner wall and nose of Ram- 
tite, 9” thick and suspended by the 
same type anchor tile, to steel support- 


ing members. 


Previous experience with Ramtite in 
a roof over a structural and rail mill 
furnace about 20’ by 35’. soaking pit 
covers, and burner walls in their 
double and triple fired reheat furnaces 
was proof enough to warrant the use 
of Ramtite for a complete lining in 


this furnace. 


For further information about Ram- 
tite products and services, contact 
your local Ramtite representative or 


mail the coupon below. 


THE RAMTITE CO., Div. of The S. Obermayer Co. 
1813 South Rockwell St., Chicago 9, Ill. 


Please send items checked 


Bulletin on Castable and Gunning Refractories 
Steel Plant Bulletin 


Compeny Name 


Attn. Mr. 
Address 


This is another in a series of advertisements depicting ways Ramtite Refractories serve the steel industry 











Pictured is the application of 
fluffy asbestos prior to the im- 
pregnating and compressing 
process. 


Impregnated asbestos com- 
pressed and felted to a smooth 
homogeneous wall ensuring long 
cable life. 


Felted Asbestos Walls + Impregnation with 


Selected Compounds + Quality Varnished 


Cambric 


Tapes... 


That's the Backbone of 


ROCKBESTOS 
QUALITY 


Different brands of N.E.C. Type AVA wire 


and cable may look alike on the surface 


A.V.C. 


(N.E.C. TYPE AVA) 


are applied under controlled methods as- 


suring uniform dielectric strength. 
but the sure proof of quality that means 


dependable service is beneath the braid. 


The result... you get long life and de- 


pendable service under every type of op- 


In the Rockbestos A.V.C. construction 
dense, felted, thoroughly impregnated as- 
bestos walls seal the varnished cambric 
tapes away from air and moisture. 

The varnished cambric tapes are made 


to Rockbestos exacting specifications and 


erating conditions .. . 
to 230°F. 

Complete construction and test specifi- 
cations of Rockbestos A.V.C. are in the new 
booklet: “Specifications RSS-88". Write 
for your copy. 


in temperatures up 


PRODUCTS 


ROCKBESTOS CORPORATION 


NEW HAVEN 4, CONNECTICUT 


NEW YORK ¢ CLEVELAND «+ DETROIT * CHICAGO « PITTSBURGH « ST. LOUIS 
LOS ANGELES * NEW ORLEANS © OAKLAND, CALIFORNIA e SEATTLE 


STOCKED COAST TO COAST 
Standard Rockbestos A.V.C. con- 
struction (N.E.C. types AVA, AVB, 

etc.) are available for immediate shipment. 
Call or write nearest branch office. 
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RANI NY » U.S. Steel Gary Works 
rolled 


90,000 
TONS 


with this pair of 
“TRANTINYL” 
GUIDES 


These entry guides on finishing stand, 





14” mill, were photographed after rolling 
100,000 tons of rounds. Guides were 
stillin serviceable condition. 


eee 








14” Mill, Gary Works, with 
“TRANTINYL” Guides and Guide Box 


“Trantinyl” Guides and Rollers Youngstown Alloy Casting Corporation 
hold exceptionally high tonnage 
performance records, in serving 
leading steel mills for a quarter- 
century. 


Youngstown, Ohio 


Sole Licensee to cast “TRANTINYL” for the Midwest, West and South: WAUNAKEE ALLOY CASTING CORP., Waunakee, Wis. 


CLYDE E. WEED 





Portrait by Fabian Bachra 


“22,914 Anaconda Employees 


Are Buying U.S. Savings Bonds 


“In October, 1955, only 34% (11,140) of the nearly 
33,000 Anaconda organization employees in this coun- 
try were buying U. S. Savings Bonds through the Pay- 
roll Savings Plan. 

“Late in 1955, we conducted a simple person-to- 
person canvass which put a Payroll Savings Application 
Blank in the hands of every employee. There was no 
just the Application 
Blank. Our employees did the rest. 


pressure, no special promotion 


“Recently, our records showed that 22.514 of our men 
and women—69% —are now Pavroll Savers. Everv new 
employee is given a Payroll Savings Application Blank 


and an opportunity to join with his fellow workers 


in building personal security through systematic thrift. 
“We believe The Payroll Savings Plan—with an en- 
rollment of 8,000,000 employees of more than 40,000 
companies —is a significant contribution to the Govern- 
ment’s effort to check inflation and maintain a sound 
cuter. CLYDE E. WEED, President 
The Anaconda Company 
Why not take a personal interest in your Payroll Sav- 
ings Plan? Your State Director will be glad to show you 
how to install the Payroll Savings Plan or revitalize an 
existing plan. Phone, wire or write, today, to Savings 
Bond Division, U. S. Treasury Department, Washing- 
ton, D.C. 


The United States Government does not pay for this advertising. The Treasury Department 


thanks, for their patriotic donation, the Advertising Council and 
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Paper Industry Oil and Gas Industry 


Why have Fast’s 


Couplings always 
been the leader 


in the rugged 
steel industry? 


Marine Industry 





Steel Industry 





Why are they used so widely to couple machinery in Power 
Generation, Pulp and Paper, Oil and Gas, Marine Propulsion 
and Auxiliaries, Steel and industry in general? 





Power Industry 


Steel Industry 


Fast’s Couplings are standard equipment with more 
machinery manufacturers than any shaft coupling on 
the American market. Many Fast’s Couplings in use 
over 30 years still show no signs of wear when dis- 
assembled! That’s the answer: they’re reliable, they're 
mechanically flexible, they don’t wear. They have no 
parts subject to repeated bending, tension or com- 
pression. There is no metal-to-metal contact, because 


METAL PRODUCTS DIVISION + KOPPERS 
COMPANY, INC. + BALTIMORE 3, MD. This 
Koppers Division also supplies industry with Amer- 
ican Hommered Industrial Piston and Sealing Rings, 
Aeromaster Fans, Industrial Gas Cleaning Appa- 
rotus, Gos Apporatus. 

Engineered Products Sold with Service 
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Lumber Industry 





Chemical Industry Paper Industry 
of positive lubrication. Regardless of your field —no 
matter whether your connected machine is driven by 
steam turbine or electric motor, low-speed diesel or 
high-speed gas turbine . . . Koppers has the perfect, 
low-cost solution to your shaft coupling problem. 


For free catalog write to: KOPPERS COMPANY, INC., 
Fast’s Coupling Dept., 3002 Scott St., Baltimore 3, Md. 


THE ORIGINAL 


PASTS Couplings 








~ LUBRICATION SYSTEM — | 4 


keeps veteran mill rolling \ 
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Before starting up in the fall of 1936, this rolling mill was equipped with a Trabon Cen- to 
tralized Lubrication System, shown in red. rol 


Each bearing has received measured amounts of grease at the correct time, day in and 
day out, for these twenty years. Because lubrication has been automatically performed by 
a Centralized Trabon System, bearing failure has been virtually non-existent. 7 





How is your equipment lubricated? Only a Trabon System can bring you all these 
advantages: 





| ”y 


| 1 Save dollars. The number of man 3 Positive check on lubrication. A 
| hours saved in a few months will Trabon System automatically in- 
pay for a Trabon System. dicates any stoppage of lubrica- 
tion and provides a simple 
method of tracing the trouble. 









Reduce down time. A Trabon 
System lubricates while the ma- 








chine is running with no hazard A Extend machine life. A Trabon 
to the operator. System lubricates every point 
correctly, eliminating burned out 
bearings due to improper 
lubrication. | } | 





In the Trabon line of oil and grease systems you will find a system that exact- 
ly suits your equipment. May we send you some literature on the subject? 


[uber (iH neal ped O1L AND GREASE SYSTEMS i 


“Moise CIRCULATING OIL SYSTEMS : 
ENGINEERING CORPORATION i 


28815 AURORA ROAD e SOLON. OHIO ed 
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CLUSTER MILL 


A Development of a reversing clus- 
ter mill capable of rolling strip from 
ihout 0.010 in. to 0.0001 in. finishing 
hickness has been announced by 
Loma Machine Manufacturing Co., 
Ine. 

Already proven in the industrial 
processing of such highly work-hard- 
ening metals as 18-8 stainless steel, 
high-temperature super-alloys,  sili- 
on steel, molybdenum, beryllium 
copper, platinum alloys, nickel-iron 
loys and similar magnetic mate- 
rials, the machine is filling the cur- 
rent need for a narrow-width cluster 
rolling mill for the production of 
ultra-thin strip. 

The machine is available in a 
number of sizes, employing such 
work rolls as 77¢ in. x 4 in., !4 in. x 
fin. and %39 in. x3 in. Furthermore, 
the mill drive can be applied either 
to the work rolls, the intermediate 
rolls or the backup rolls. The mill is 
also available in a twelve-high de- 
sign, and a six-stand tandem ar- 
rangement of this type with 1! in. 


x 7 in. Work rolls is being used in the 





5 -% 
cold reduction of carbon steel strip 
to 0.004 in. The machine is normally 
powered by a variable voltage d-c 
irive, arranged for constant tension 
Inding. Generally, a variable speed 
ange up to 100 tpm and a coil 
uild-up range from 6 in. I.D. to 12 
n. O.D. is provided. By using a 
lual set of coilers, a tension range 
s high as 1000:1 is obtainable 

Compared to a conventional four- 
high unit, this new Rohn-type mill 
an finish-roll strip to considerably 
hinner gages, taking much heaviet 
eductions per pass and greater total 
eductions between annegls. More- 
ver, the cluster mill can hold the 


osest obtainable thickness toler- 
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Equyoment News. 











STEEL MILL USES FIBERGLAS SKYLIGHTS 








> 
cig 
. 





The Atlantic Steel Co.’s new rod and bar mill features skylights of shatter- 
proof fiberglas produced by the Alsynite Co. of America. View shows 


main mill building in foreground. 


ances and produces strip of excel- 
lent flatness, even at O.OOOL in. 
finishing thickness. Such ultra-thin 
gage cannot be obtained on ordinary 
mills with relatively large work rolls 
because the very high ratio of con- 
tact length to strip thickness causes 
an extremely high resistance to 
deformation. The cluster arrange- 
ment has the additional advantage 
ot preventing the bowing out of the 
slender work rolls in the direction ot 
forward tension, which makes it 
difficult in the 
maintain the correct strip shape. 


four-high mill to 


Outstanding feature | ieorporated 
in the new design is the use of propel 
backup rolls with heavy-duty anti- 
friction roll neck bearings instead of 
idler backup bearings mounted on 
non-rotating shafts. This improve 
ment permits 60 per cent higher roll- 
ing pressures and facilitates the 
greatest possible CONCENUPICITS and, 
hence. closest strip thickness toler- 
ances. The high-precision dual hand- 
whee] wormgear screwdown mech 
anism allows extremely accurate 
gage and camber control and is 
equipped with a quick-acting open- 
Wg device used 1) threading the 
strip through the mill. In the 
backup-driven arrangement of the 
machine, the work rolls, which are 
made either of alloy steel or tungsten 
carbide, can be changed within one 
minute. For purposes of pass con- 
trol, the mill may be equipped with 


continuous gages indicating rol 
separating lorce, strip tensions and 


stock thickness. 


BLOWPIPE 
A Risers which weigh 


from 20 |b to as mu h as 400.000 |b 


anv he rt 


can be quickly removed by a Sige 
operatol without moving the cast 
ng, by means of the ‘( nweld C-63" 
developed by Linde Air Products 
Co 

The hew blowpipe is UubIque 
many respects. It has a larger cut 


ting capi CILY than “iy other manus 


blowpipe in existence, and it Is 
capable of cutting through ste¢ 

thick as 55 in. in a single pass. bat 
greater thicknesses can be cut u 


multi-pass operations The blowpipe 
applies a tremendous amount of pre 
heat to the surface to be cut It 
needs no auxiliary preheat. This e 
ceptional preheat capacity is made 
p sil le hy the use of separate hose 
lines for preheat and cutting oxvge 
Instead of the conventional tvpe 
of nozzle alignment, the unit has a 
specially designed he id which 0 
catcs the | lowpipe nozzie OT centel 
from the center line of the blov 
pipe This allows the operator to 
widen the kerf uniformly by simply 
rotating the bhlowpipe (nee the kert 
is widened, the blow pipe itsell cal 
be inserted into the kerf in order to 


deepen the cut This technique, 
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There’s a Moleit 


castable refractory 


to meet your requirements— 


ig =< ks a a ol a en ot ee a oe oe [ee able to all industries where heavy 
sections of metal must be cut, in- 


. . . cluding the shipbuilding, scrapping, 
v High Strength at high, medium and railroad industries. 
or low temperatures. 
¥ Maximum Resistance to MOTORS 
erosion, slag, water. A Announced by General Electric 


J High Insulating Value Co.’s General Purpose Motor De- 


partment is a complete line of in- 


employing extremely large preheat 
and up to 9000 cu ft per hour of 
cutting oxygen, enables the blow- 
pipe to cut through the heaviest of 
sections. 

The blowpipe utilizes a cartridge 
type mixer which assures thorough 
mixing of gases. The length of the 
blowpipe can be altered to match job 
requirements. The blowpipe is adapt- 


@aazua === 
=o oe oe 


J Lower Cost Installation. stantly reversible door-operator mo- 
‘ : tors, specially insulated to resist 
| Long Service Life. moist-air conditions for commercial, 


industrial, and domestic applica- 
tions. 

Instantly reversible and reversing- 
from-standstill models are included 


y Low Cost Special Shapes. 















T 2 different 
Moldit Castables 


each meeting a special combination 
; of working temperature, physical 

CASTABLE resistance, weight and strength 
Bn yt 18 requirements. 























A 


REFRACTORY £ INTULATION CORP 
70 was Sheeey  E . 









When you select a Moldit Castable 
you are sure of a refractory lining or 
shape best qualified to meet specific 
service needs at lowest overall cost. 
That's the reason for Moldit’s out- 
standing reputation for highest qual- 






Instantly reversible door-operator 
motor is specially insulated to 


ity to withstand severe processing resist moist-air conditions. } 
conditions. 

To help you, the new Moldit bul- in the line of Form G motors. At 
letin provides complete data on 1725 rpm, ratings from !¢- through 
properties, thermal and physical 34 -hp provide power for door types 
characteristics, and how to use in ranging from light-duty through 
blast furnaces, ladles, ingot molds, heavy-duty commercial and indus- 
open hearth furnaces, soaking pits trial doors. 


Designed for operation in any 


and annealing furnaces. Write for a aes 
position, the motor has all-angle 


copy today. 





sleeve bearings and a lubrication sys- 
tem that prevents oil loss even 
when mounted vertically. For fur- 


REFRACTORY & INSULATION CORP ther versatility, the motor can be ro- 
. 


tated in its base to meet mounting 
REFRACTORY BONDING AND CASTABLE CEMENTS | 
INSULATING BLOCK, BLANKETS AND CEMENTS 









requirements. To provide virtually 
noiseless motor operation, resilient 





mountings are also available. 






136 WALL STREET @ NEW YORK 5, N. Y. 
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DE LAVAL 


BLAST FURNACE 
BLOWERS 





These two De Laval turbine-driven centrifugal 
blowers do a round-the-clock job in the 
McLouth Steel plant, Trenton, Michigan. Each 
has a rated capacity of 110,000 cfm of air; 
discharge pressure is 30 psig. Each is driven 
by a 12,400 hp, 2950 rpm De Laval steam 
turbine operating under steam conditions of 
600 psig, 825 F with 2” hg. 


De Laval compressors are designed individu- 
ally for each application to assure maximum 
efficiency and range of operation. Construction 
is rugged throughout. Casings and perfectly 


deliver 110,000 cfm each 


for McLouth Steel 


ae 


balanced rotors are built to take punishment. 


All parts are precision-made to limit gages. 
| | gas 


Materials are selected which will best meet the 


particular conditions of corrosion, pressure 
and temperature. 


De Laval centrifugal blowers are built in single 
and multi-stage types to supply air in volumes 
up to 150,000 cfm for all classes of service in 
steel, gas and coke plants. The wealth of appli- 
cation experience acquired by De Laval over 
the years assures a correct and economical 
solution to your blower problem. 





Send for 
Bulletin 0504 


1D) I NENG Centrifugal Blowers 


DE LAVAL STEAM TURBINE COMPANY 
870 Nottingham Way, Trenton 2, New Jersey 











Life tests carried out on the in- 
ternal reversing switch in the motor 
indicate a switch life in excess of 20 
years on door operator applications 


under normal operating conditions. 


sistance to corrosion and long life 
are assured by all-aluminum con- 
struction. 

Proven during many months of 
Alcoa laboratory testing, the clamps 


The complete line of motors. is have undergone a thousand heat 
available in either instantly revers- cycles using various conductor com- 
Ing or reversing-from-standstill mod- binations. Test currents produced 
els, with 3- or 5-lead design in the conductor temperatures of 200 F, 
instantly reversing models and with with no significant change in con- 
t-lead standard and 3-lead balanced- nection resistance, ' 
winding designs in models which re- 
verse from standstill. | 
GREASE ' ( 
CONNECTORS & A multi-purpose grease with an : 
improved lithium base engineered to 
A Aluminum Co. of America has meet nearly all industrial lubrication } : 
developed a new series of electrical requirements is now available from ; 
connectors Which makes possible a Gulf Oil Corp. P 
major reduction of conductor clamp The new product—‘‘Gulferown . 


inventories. Heavy-duty  U-bolt 


Grease’”’ is designed to provide su- 


clamps, employing universal, paral- 





perior lubrication under conditions 
lel spacer grooves, now can be used ue which often require a variety of 
Oona wid range of cable sizes. 

designated 580 
Series, can be used on ACSR from 
2 to 715.5 MCM, and will also 
handle sizes 2 to 800 MCM 


stranded aluminum conductor. All 


size to be accommodated and the special greases. Among such condi- 


The six clamps, job to be done. The U-bolt portion, tions are high and low temperatures, 


flattened to reduce bulk, provides the action of 
Wrap-around strength and 


pressure distribution. 


water, high-speed 
bearing action, and long storage. 
The company points out that the 


single-product multi-purpose grease 


evel 


Kasy to install and maintenance- 


proportions free, the clamps’ generous dimen- reduces errors in application, cuts 
lubrication costs, reduces the num- 


liability. Paramount qualities of re- ber of guns 


GENERAL ELECTRIC ANNOUNCES... 


NEW 30,000-KVA 
E-] MOTOR STARTER 


General Electric’s all new 50,000-kva, air-break motor 
starter utilizes the 50-mva interrupting ability of its 
contactor for fault interruption. This new Class E-1 
starter combines dependable performance with these 
other outstanding features: 


length of clamps, num- 
bolts, bolt 
neered for the range of conductor 


ber of sizes-—are engi- sions impart added strength and re- 


needed, and 


grease 





@ Increased Personnel Safety—entrance to the high- 
voltage compartments is impossible until the unit 
has been de-energized. 

@ Easy Installation—contactor may be rolled in or out 
of unit, and all connections are made from front. 

@ Space Savings—small cabinet (30 in. deep, 38 in. 
wide, 90 in. high) plus elimination of need for back aisle. 


I 


This new General Electric starter is designed to 
handle 2300 to 4600 volts for motors up to 3000 hp. 
Unit contains no power fuses; however, for interrupting 
capacities over 50,000 kva, fuses can be added. 

Contact your G-E Apparatus Sales Office, or write 
Sect. 783-5, General Electric Co., Schenectady, N. Y. 
Industry Control Department, Roanoke, Virginia. 


GENERAL @@ ELECTRIC 
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New G-E starter provides 50-mva interrupting capacity without 
fuses, increases personnel safety, minimizes floor-space needs. 





















Charging Box Cars 


to your specifications 


United States Steel can build any type of industrial car 
that is needed in today’s modern steel plants. Our staff 
of engineers specializes in designing cars that meet users’ 
specifications and service requirements. 

The four-unit charging-box car, illustrated here, is a 
good example of a USS-Designed Car. This all-welded 
steel car has a capacity of 25 tons, and is built for stand- 
ard gage track. The running gear of this heavy-duty, 
four-wheel industrial car is equipped with outboard, 





anti-friction bearings. Car weight, when empty, is 20,300 
pounds. 

Capacity, running gear, and other design features can 
be varied to meet your specific needs. In other words, al! 
USS Industrial Cars are custom-made. 

Our engineers will be pleased to call at your plant to 
discuss your requirements for industrial cars. Mean 
while, send for a free copy of our 32-page illustrated 
booklet—““USS Custom Designed Cars.” 


Completed charging box car has 25-ton capacity. It 
is 7’ 4” wide x 15’ 7” long, on an 84” wheelbase. 





Welding underside of car. Steel plate of all-welded 
car is 34” to 114” thick. Side plates and deck are 1” 
steel; end plates are 114”. 


USS 
INDUSTRIAL CARS 


UNITED STATES STEEL CORPORATION, PITTSBURGH 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 







PentivTep States 


Checking thickness of steel underframe. Longitu- 
dinal members are 1” plate and the spacers are 








ot @ 










34” plate. 


United States Steel Corporation 
525 William Penn Place, Room 2801 
Pittsburgh 30, Pennsylvania 


FOND. ccccee 
Company 


Address ...... 


Please send me a free copy of your 32-page 
booklet, ‘‘USS Custom Designed Cars."’ 











BRICK A a 
BURNER BLOCKS * 
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ie J ) ; 
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eal 


speed production in ~ 
continuous pipe mill furnaces — 














TAMUL® (Taylor sintered synthetic mullite) refractories are ~ h 
preferred by operators of continuous butt-weld pipe mill 
furnaces*. Heating cold skelp for 4%” diameter pipe to 2500° F. aie ‘ — 


in 21 seconds produces furnace conditions in which ordinary \ Sa p 





refractories quickly fail. 7 > 
> 
TAMUL burner blocks are regularly used in these furnaces both eo! h 
on original installations and on repairs. TAMUL brick are _~ oe 
installed in the inner linings of side walls, in recuperator uptakes i | 
and in the bungs. This condition results in longer furnace | » d 
campaigns because TAMUL has: p 
®@ High softening point. | 
@ Freedom from shrinkage in service. 
® High hot load strength. a 
4 
®@ Good resistance to slagging. f ) 
h 
* Engineered and built by ‘ ut . 
Salem-Brosius, Inc., Pittsburgh, Pa. E03 > h 
“3 ee - 
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oF 
REFRACTORIES ENGINEERING AND SUPPLIES, LTD. <Ong a" The C re AS. TAY LOR SONS Ce. | 


Exclusive Agents in Canada 
A SUBSIDIARY OF NATIONAL LEAD COMPANY 


mG vu S Pat 


REFRACTORIES bh IS 3 1864 e CINCINNATI ¢ OHIO ¢« U.S.A. 


Hamilton and Montreal 
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CRYSTAL GAZER 


Electron microscope at the new U. S. 
Steel Research Center, Monroe- 
ville, Pa., can probe a minute area 
about 1/25,000 of an in. in cross 
section. Even variations in the 
steel on the edge of a razor blade 
are revealed. This is done by 
focusing a beam of electrons on 
the tiny zone. 

simplifies problems of — storage, 

handling, and inventory. 

leatures of the new lubricant in- 
clude high oxidation stability which 
provides longer life both in use and 
> high mechanical stability 
vhich keeps the grease from thin- 
running out of 


i storage 
ing and bearings: 
high resistance to the washing action 
of water which provides continued 
ubrication under the dampest con- 


ditions. It also provides effective 


protection against rust; ready flow 
n cold weather. 
In a demonstration of the oxida- 


tion-resistance qualities of the new 


ithium-base grease, the company 
ran bearings packed with “Gulf- 
crown” at 750 rpm in a special oven 
heated to 250 F. The 
that after several thousand 
hours the lubricant had not hard- 


and the bear- 


company re- 
ports 


ened or “coked up” 


ngs remained in “brand new’’ con- 
dition. 

The company also reports that 
samples of the new grease pump 


easily while being stored for days in 


i freezer chest at zero temperature, 
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and that the grease does not break 
down in consistency when pumped 
through a bearing operating at 1725 


rpm. 
In another demonstration, sam- 
ples of the grease were placed on 


steel plates and sprayed for several 
hours with water heated to 130 F. 
The company states that the grease 
adhered to the 
the demonstration and did not wash 
away. 

The new 
able in four 
applied equally well by grease 


plates throughout 


grease, Which is avail- 
consistencies, can be 
VUlIS 
rv through a centralized lubrication 


system. 






The BLOOM 


Time-Cycle 
Reversal 
Unit 


FULL, FAST AND 
EFFICIENT REVERSAL 
OF REGENERATIVE 


en ae 


This complete, compact, factory-tested unit 


provides a combination electric “pneumatic 


system for Ope n Hearth Furnace and Soaking 


eq BLOOM 


ENGINEERING CO., 


857 W. North Avenve 





ee 


dtd 33, Pa. 





POTENTIOMETER UNIT 
A new 


potentiometer ser o-mechanism has 


self-balancing electronic 
recently been made available by 


The Bristel Co. The unit is fu 


nished without a case, and is de 
signed to be built into a user's 
equipment, 

The mechanism consists of a 


group of standard Dynamaster im 
strument assembled on a 
and fitted with 
When 


Bristol amplifier, 


parts 


circular base, an in- 


dicating scale. used with a 


Input transtormer, 
and Svuchroverter d-c, a-c inverter, 


it forms a complete self-balancing 




















Cee 


ATICALLY 


Pit reversal. It eliminates reversal puffing and 
shortens reversal period (10 to 15 seconds 
easily sccomplished) 
Shorter reversal cycle improves furnace life 
These units have been in continuous service 


for nine years. Trouble-free maintenance 


WRITE or phone for complete information 
on the Bloom Time-Cycle Reversal Unit. 












dial indicator. The unit is available 
as a potentiometer or as an a-c 
bridge. Dial indicator speeds of 1 
second, 3 seconds, and 4! seconds 
are offered, and one blind set alarm 
furnished. The unit 
can also be supplied with a retrans- 


switch can be 


mitting slidewire. 

\pplications for the new servo- 
mechanism include use as a low-cost 
indicating pyrometer, resistance 
thermometer, or potentiometer to be 
incorporated into user’s equipment ; 
as a replacement for a direct de- 
milli- 
voltmeter, where better accuracy or 


flecting d-c milliammeter or 


WHEREVER 


reliability is required; or for use as 
a self-balancing unit to operate 
analog-to-digital conversion mech- 


anisms for readout. 


DRAW BENCH 


A Production of drawn welded steel 
tubing at the Steel and Tubes Di- 
vision of Republic Steel Corp. has 
been increased as a result of the 
100,000-Ib 
multiple bench capable of cold draw- 
ing tubing in sizes from 34 in. O.D. 
to 5 in. O.D. 


For larger size and heavier gage 


pes 


installation of a new 


COUNTS 














Atlas Cars are built to resist 
the high wear factors of 
continuous service handling 
abrasive materials. Extra 
factors of safety in brakes, 
controls, visibility, and signal 
devices are incorporated for 
foolproof service. 


Each car is engineered to meet 
the operating needs of the 
plant where it will be used. 


Consult Atlas for your Steel Plant Cars 


100-ton Ore Transfer Double 
Compartment, Bottom Dump 





Coke Quenching Car 


CAR & MFG. CO. 


1100 IVANHOE ROAD 


CLEVELAND 10, OHIO 
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tubing the machine is operated as a 
single draw bench. With medium 
size work, two or three tubes are 
drawn simultaneously. 

Equipped for either “sink” or 
“mandrel” drawing, the bench is a 
modern design, single chain type 
with block carriage. It is so set up 
that alternate carriage blocks with 
single, double, or triple grips can be 
used. Corresponding changeable die 
blocks permit single, double or 
triple draws as the work requires. 
This may involve drawing to obtain 
specific O.D. or 1.D. size, wall thick- 
ness or possibly a change of physical 
properties, as well as furnishing 
special smooth I.D. surfaces. 

The bench provides a flexibility of 
operation for producing extremely 
other than 
standard shapes, particularly in the 
larger sizes and heavier wall thick- 


close tolerances and 


hesses. 

A variable voltage type drive of 
200 hp permits drawing speeds to be 
adjusted wide range for 
maximum efficiency. Mechanical 
loaders push the tubes over the rods 
when ‘‘mandrel drawing” and hy- 
draulically operated unloading arms 


over a 


move the tubes to crane bucks. 
A 5-1in. 


pointing 


Sullivant 
provides added 
pointing capacity for both medium 
and larger sizes. In this type of ma- 
chine the work and swager dies do 
not rotate. 


Stevens and 


swager 


By this combination of 
features, the swager is able to pro- 
duce a sharp taper on the end of the 
tube and thereby reduces the length 
of the point. Also, since the tube re- 
mains stationary, surface scratches 
are reduced in the pointing opera- 
tion. The pointer is driven by a 40 
hp a-¢ motor. 


PRECIPITATOR SERVICE 


A A service program for regular in- 
spection and maintenance of electro- 
static precipitators in the steel in- 
dustry has 
Premsco, Ine., a 


been introduced by 
newly formed 
organization in Ashland, Ohio. 
Premsco will furnish a steel mill, 
on a contract basis, with a regular 
periodic inspection, a cleaning and 
rehabilitation program to keep pre- 
cipitators operating at peak effi- 
ciency. The company offers a com- 
plete mobile service unit and trained 
specialists to do the service work. 
The service calls for a two part 
program: (1) regular inspection and 
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Falco’s #5 mill, as it looked 

before modernization. It is The same mill, as it looks today. The entry and delivery equip- 

a 2-high 20” x 44”. ment has been replaced with Bliss cone-type payoff reel, ten- 
sion reel, bridle unit, belt wrapper, coil buggies and upenders. 
The strip is accurately centered in the work rolls, and it is a 
simple matter to hold gage, always a problem with the old 
equipment. This mill is used for secondary breakdown, rolling 
strip in thicknesses between 0.125” and .025” and in widths to 
38”. Similar Bliss equipment was also added to Mill *6, used 
for secondary breakdown and finishing of narrower strip. An- 
other improvement involves new motorized screwdowns pres- 
ently being manufactured by Bliss. 


AT FAIRMONT ALUMINUM 


Same mills... 
big differences 


Without running any faster, 
this line of cold mills has 

20% greater capacity, 

thanks to BLISS modernization 


RESULTS 


Here’s what Fairmont Aluminum reports about 
its Bliss-modernized mills: 


@ Output is up 20% and will go higher as the 
plant completes other installations, such as new 
annealing facilities r 
Mill #7 is a 16” x 30” used for New 28” Bliss slitting line takes up 
‘ snishing ra ge8 : _ "7 9 : 91)” = 
® Coil handling is far easier. Surface damage finishing to gages as thin as .006”. to 12 cuts in 0.020" mat rial at 
Sep reng Mera ae a It has a Bliss mandrel-type pay- speeds up to 600 fpm. Bliss also re- 
tot ae strip has been eliminated. And finish has off (shown here), bridle feed, vamped the plant’s 36” slitting line, 
been improved by the new roll-coolant systems tension reel and roll-coolant equipping it with tension reel, man- 
.. Fairmont Aluminum formerly dry rolled. system. drel-type payoff and coil buggy. 


@ Thanks to the new Bliss tension reels, reduc- If you are contemplating improvements or modernization, it will pay 

tion per pass on each mill has been increased | you to consult Bliss Rolling Mill Division engineers. For details of 

12% or more. Former maximum was 20%. typical Bliss installations, write today for a copy of the 60-page Bliss 
See = Rolling Mill Brochure, Catalog 40-A. It’s yours for the asking. 


LS i | S S is more than a name... 


it’s a guarantee 
SINCE 1857 


E. W. BLISS COMPANY PLANTS: Canton, Cleveland, Salem and Toledo, Ohio; Detroit and Hastings, Michi- 
General Office: Canton, Ohio gan; Pittsburgh and Midland, Pennsylvania; San Jose, California. In Europe: E, W. 
ROLLING MILL DIVISION, Salem, Ohio Bliss (England) Ltd., Derby; E. W. Bliss Co., (Paris), France, 











SYNTRON Vibratory Feeder 
feeding metal parts to con- 
tinuous heat treating furnace. 


SYVTRON 


“Vibra-Flow” 


VIBRATORY FEEDERS 


SYNTRON ‘“Vibra-Flow” Vibratory Feeders with variable 
control of materials flow will match the capacity of continuous 
operating equipment. The flow rate of SYNTRON Vibratory 
Feeders is instantly adjustable, from minimum to maximum 
to meet production schedules. 

SYNTRON Vibratory Feeders are applicable to most any 
materials handling problem. They provide a smooth, even 
flow of sand, slag, ore, scrap, and finished products to con- 
veyor belts, plating baskets, heat treating furnaces and other 
types of equipment. 

Increase production and lower operation costs by including 
SYNTRON Vibratory Feeders in your operation. Send us 
details of your materials handling problem——Our application 
engineers will be glad to make recommendations. 


Other SYNTRON Equipment 
of proven Dependable Quality 





POWER CONVERSION ELECTRIC VIBRATING 
UNITS HAMMERS SCREENS 
~a 





Write for Complete Catalog Data— FREE 
SYNTRON COMPANY 


ul ae ae 





699 Lexington Avenue 
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cleaning of precipitator interiors, 
the removal of loose scale and rust 
within the operating confines and 
the inspection, cleaning and adjust- 
ment of component parts, and (2) 
adjustment and inspection of all 
electrical and exterior parts. 

In the cleaning and servicing of 
precipitators, the company uses a 
mobile service truck. The truck is 
equipped with both high-pressure 
and high-capacity pumps, welding 
units, chemicals and acids used in 
cleaning processes, and operates on 
its own generator. Servicemen ac- 
company the trucks and perform the 
work. The steel mill furnishes only 
the water and steam used in clean- 


ing. 


MASONRY SAW 
A The Clipper Manufacturing Co. 


announces ‘“‘Supermatic’’—a new 
masonry saw. 

The saw features a “Hi-Lo” con- 
trol wheel which does everything 
quickly and safely, without the oper- 
ator having to turn off the motor. It 
keeps the cutting head level, ready 
to cut at any height. There are no 
levers or knobs to pull, no blade 
guard or head angle adjustments to 
make—and the saw is always in per- 
fect alignment. The control wheel 
sets the cutting head so the operator 
cannot cut through the conveyor 
blades. It 


matically makes all adjustments. 


cart or damage auto- 

The saw is a wet or dry masonry 
saw and can be quickly converted to 
a light duty concrete saw and a 
track saw. Frame extensions can be 
added to increase the saw width up 
to 6 ft. to cut sills. 
large stone and masonry units. 


copings, and 


GATE VALVES 


A Longer end-to-end dimensions for 
its cast steel gate valves for butt 
welding have been announced by 
Crane Co. 

The increase applies to Crane’s 
150-lb. cast steel gate valves in sizes 
from 2 in. through 24 in. 

The increase in dimension will 
offer greater protection to seating 
areas against heat distortion during 
the welding of line connections. The 
new and longer dimensions comply 
with ASA Standard 
B16.10, given approval by the 
Manufacturers Standardization So- 
ciety of the Valve and Fitting Indus- 
try. 


prop sed 
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GUYAN 
RESISTORS 


Engineered and designed to 
eliminate resistor maintenance 
on troublesome mill applica- 
tions. 


Non-breakable helical coil con- 
struction ends burnouts due to 
warping and buckling of grids. 


Sturdy, rugged steel construc- 
tion eliminates shock and vi- 
bration troubles. 


Custom designed for your con- 
ditions including excessive 
éraphite accumulations. 





With a quarter century of re- 
sistor engineering, we invite 
you to take advantage of our 
experience. 


For complete information on 
Guyan Resistors, please contact 
the nearby Guyan Representa- 
tive or our main plant at Logan, 
We Va 

Baltimore, Md.—Durling Electric Co., 


2505 St. Paul St. 


Birmingham, Ala.—Ebbert & Kirkman Co., 
2313 6th Ave. So. 


Buffalo, N.Y.—Buffalo Electric Co. 
West Mohawk St. 


Chicago, Ill._—John K. Byrne, 1515 W. Howard St. 


Cleveland, Ohio—Mechanical Equipment Co., 
3100 Prospect Ave. 


Detroit, Mich.—Plant Equipment Co., 
General Motors Bldg. 


Philadelphia, Pa.—George |. Wright 
811 Commercial Trust Bldg. 


Pittsburgh 27, Pa.—P. R. Holden, 
4860 Elmwood Dr. 


GUYAN MACHINERY COMPANY 


LOGAN, W. VA. 
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A 2-in. valve will now measure 
814 in. end-to-end, a 10-in. valve 18 
in. end-to-end, and a 24-in. valve 32 
in. end-to-end. 


SOLDER 


A A new self-annealing tin base 
solder which offers unusually high 
creep strength, yet can be applied at 
substantially temperatures 
than silver solders and_ brazing 
alloys, 428-435 F, has been an- 
nounced by Alpha Metals, Ine. 
Called #38 alloy, the solder has 
been successfully tested in several 
applications requiring high creep 


lc ywer 


strength, such as soldering flanges to 
the barrels of wave guides. Test 
data indicate that the use of this 
material in such applications, in 
addition to its strength, eliminates 
the possibility of distortion generally 
resulting from excessive heat, and 
it also ends low conductivity prob- 
lems caused by oxide films produced 
from brazing fluxes. 

The solder is a lustrous alloy, 
matching stainless steel in appear- 
ance, which flows and has good 
wetting properties. While the creep 
strength is less than that of silver 
solders, it is high enough at the 
usual stress loads to withstand creep 
for indefinite periods of time. 

The alloy is available in di- 
ameters of .032 to .125 of solid wire, 
and may be heated by iron, resist- 
ance tools, flame or induction heat- 


ing. 


TRANSFER UNIT 


A Development of a new portable 
mechanical transfer unit that con- 
verts any standard press into an 
automated press capable of handling 
a number of progressive operations 
and a broader range of sizes was 
announced by the Sheffield Corp. 

Completely mechanical in opera- 
tion, the new Sheffield ‘‘Press Pacer”’ 
is a portable unit that transfers 
stampings from one die station to 
the next on each stroke of the ram. 
It can also be used to transfer parts 
between presses. 

Tests have shown the ‘Press 
Pacer” enables one press to do the 
work of several, making possible 
tremendous reductions in capital 
investment, labor and space re- 
quirements, it was pointed out. In 
one test, use of the versatile new unit 
cut. the required number of presses 

















Hyde Park Castings up to 
80,000 pounds are sound, ae- 
curate and physically depend- 
able. 

Precision machining is done 
by skilled craftsmen in our 
modern machine shop. 

Send your blue prints for 
quotation. 


Mill Drive 


Machine Castings 
Lathe Beds 
Housings 

Pinion Housings 
Mill Housings 
Shoe Plates 
Layout Plates 
Surface Plates 


For finer finish, long life and 
greater tonnage, specify Red 
Circle Rolls. 


FOUNDRY & MACHINE CO. 


Hyde Park, Westmoreland County, Pa 


ROLLS 
ROLLING MILL MACHINERY 
GREY IRON CASTINGS 
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The Turbo-Mobile Power Plant, a 675Okw completely self-containe 
power station on wheels, designed and built by Clark Bros. Co., Olear 
New York. The high alloy and heat-resisting stainiess grade turbine} 







discs and shaft were forged and rough machined by Heppensta 


— 





Heppenstall Forgings add reliability 
to Clark Power Plant Gas Turbine discs 


Ingenious design and engineering have solved the 
problem of rapid restoration of power following 
natural disasters and war damage .. . or temporary 
power for fast growing residential or industrial areas. 
A Clark 6750kw gas turbine power plant can now 
roll in at normal rail speeds and put power on the 
line in the little time required to connect fuel and 
power outlet lines. It must be dependable, that’s 
why the turbine discs used in driving the axial com- 
pressor and generator are Heppenstall Forgings. 
Heppenstall Forgings, in any shape you may re- 
quire, are made from special Heppenstall open hearth 


yO@ 


DIE BLOCKS TONGS KNIVES 


FORGINGS RINGS 


Q) > 


ROLL SLEEVES 


carbon and alloy steels, or high alloy and heat 
resisting stainless steels from Heppenstall Electric 
Induction Furnaces. 

These Forgings must pass rigid inspection and 
ultrasonic testing . . . your assurance that each 
Heppenstall Forging becomes a trouble-free com- 
ponent of your product. And the satisfied user be- 
comes a steady customer. 

For the full story of how Heppenstall Forgings 
can build quality and performance into your product 
... and your production machines . . . contact your 
Heppenstall Company Representative. 


BACK-UP 


PITTSBURGH 1, PENNSYLVANIA 


HEPPENSTALL 


... the most dependable name in forgim 





















from six to one and total productiv- 
itv was boosted three to four times. 
The unit improved quality sub- 
stantially by completely eliminating 

damage to workpieces previously 


; oe 

' caused by oving pieces fro , 

i alia Ut NUCLEAR REACTOR 
STUDIES 



















































Diattond Wey era 


(WIRED TELEVISION) 


The unit is completely mechanical 
in operation. There are no electrical, 





pneumatic or hydraulic connections at Battelle Memorial institute 
or movements. 
| The “Press Pacer” is capable of 

moving parts through a number of 
) die operations such as blank, draw, 


pierce and trim simultaneously. 
7 The ‘“‘Press Pacer’ is adjustable 
“y for different spacings between dies 
and also for different ram strokes. 
It can be installed to run either 
) front to back or left to right. The 
unit is bolted to the bed of the press. 
The minimum size press in which 
the standard model can be used has 
a bed area approximately 42 x 72 in. 





and a 14 in. shut height. 





NOZZLES 











Spraving Svstems Co. as | ‘O- _ < 
ASpraying Systems Co., has intro Arrows indicate remotely controlled “Utilivue” Cameras 


duced a new design full-jet nozzle that SEE experimental nuclear reactor cores. 
with pull-out vane. The vane of 
this nozzle is made with a small fe- 





male threaded connection to receive 
a pull-out rod, to be installed by 
the user in whatever length re- 
quired. The rod extends back inside 
the pipe to some connection point 





that is easily accessible. When clean- 
ing is needed the vane is merely 


orm drawn back through the pipe, and 

Olear . 

urbine} removed and cleaned while the noz- 

insta zle itself is flushed out. 

ll This new nozzle is supplied in a “UtiliVue” pedestal enables camera to 


be rotated 320° and tilted 90° by remote 
control from console. Zoom lens (also 


os ” . controlled from console) brings objects 
UtiliVue” Monitor is’ built into control console in  jnto focus at widely varying distances 


} BLENDING PROCESS separate control room where experimental nuclear from camera. 


reactor cores can be WATCHED in perfect safety. 


range of sizes and capacities. 


! AA new method of mixing and 


, r The “UtiliVue” is invaluable whenever there is the need for 
blending bulk materials to produce 


actually SEEING what is happening where it is impossible or 
impractical for the human eye to watch directly. There are 
installations of Diamond Industrial TV that have been in con- 


a uniformly homogeneous mixture 
in a continuous flow has been de- 


veloped by Hewitt-Robins, Ine. tinuous operation since 1946. For further information, get in 
rhe system is expected to be espe- touch with your Graybar Distributor or use the coupon below. 
cially useful in blending coking coal 


for steel] blast furnaces. sun eneenneeenansoaceneoaaeunsoeess saaenwe 























' 

rie . . ° 1 
Che blending is done in a metal or ; DIAMOND POWER SPECIALTY CORP. ; 
oa = — : , 1 ‘‘FIRST IN INDUSTRIAL TELEVISION i 
COM rete mn containmg a series ol 1 ELECTRONICS DEPT., P.O. BOX 57G ' 
overlapping baffles which deflect ; LANCASTER, OHIO : 
the out-flow to the sides of the con- : Please send me without obligation a copy of new bulletin ! 
bislenon 1 showing how Diamond Industrial (Wired) Television will help : 
amer, : 1 me reduce costs, improve quality, increase sales and aid safety. 4 
Material to be blended is layered : os ' 
: : ame ——— — 1 
into the bin by a conventional belt i ' 
as” itle__ = 1 
conveyor tripper on top of a rec- ' 
: ; f ’ 1 Company ba ' 
tangular bin or a simple chute in i ' 
: 4 : ‘ eect 1 Address = ' 
the case of a cylindrical bin. While i ‘ 





lron and Steel Engineer, February, 1957 





the bin is being emptied from the 
bottom the incoming material is 
directed into the side chute section 
in a continuous series of small in- 
from top to bottom. 
Blending thus takes place automa- 
tically as small portions of each 
layer enter the chute area and flow 
downward by gravity. At the bot- 
tom of the bin, the material is re- 
moved from the outlet shelf by a 
plow or similar device and taken 
away by belt conveyor. 


crements 


The bin can be built any size, de- 
pending on the volume of material to 
be blended. After the bin has been 
filled, the blending process 1s Car- 
ried on continuously by regulating 
the rate of input to match the rate 
of drawoff so that material flows 
through the bin at a steady rate. 


FISH TAPE LEADER 
AMade of special high tempered 


steel, ground, the new 
Jarth “Snake 
Charmer” leader possesses the great 
flexibility of a fly rod 
end for pushing strength and flexi- 
ble at the other end to promote the 
correct twist at reverse elbows. 


precision 


Corp. — tapered 


stiff at one 


Available in two sizes, the unit 
fits '/s in. and '/, in. tapes by means 
of a sleeve equipped with a set 
screw. The opposite end of the 
leader is fitted with a tapered ball 
which provides a bearing to lead the 
tape through the intricate 
series of elbows and bends. The 
leader is individually packed in a 
plastic carrying case with instruc- 
tions. 


Book Keutews 


“ASTM Methods for Chemical 
Analysis of Metals,’’ 1956 edition, 
has recently been published by the 
American Society for Testing Ma- 
terials, 1916 Race Street, Phila- 
delphia 3, Pa. The book contains 640 
pages, 6 x 9 in., is cloth bound and 
sells for $8.00. This is the first com- 
plete revision of the volume since 
1950 and ASTM 
methods for chemical analysis of 
ferrous and non-ferrous metals and 
alloys, including  spectrochemical 
procedures. It complements Part 1 
on Ferrous Metals and Part 2 on 
Non-Ferrous Metals of the Society's 
Book of Standards, and contains ten 


most 


contains — all 


‘Founanwil-Fado- 
‘Woathor-Fhoo, 


PAINTSTIK MARKERS 


AVOID MARKING FAILURES . 





WRITE TODAY for cat- 
alog and free sample. 
State details of your 
marking problem. 


262 





Marks stay visible and permanent under 
all weathering, acid and alkali conditions. 
Markal provides the correct Paintstik 
Marker for your particular marking con- 
dition. Cold ...down to -50°F., wet, dry, 
oily, rough, smooth. Hot... up to 2100°F. 


Marthal COMPANY 


3087 West Carroll Avenue, Chicago 12, Illinois 


The Mark of Quality —Markal 


completely new methods and recom- 
mended procedures, including chem- 
ical analyses for electronic nickel 
and titanium and two important 
recommended practices in spectro- 
chemical analysis. It contains the 
latest standards (10 of which have 
been substantially revised 
1950) formulated by Committee E-3 
on Chemical Analysis of Metals and 
Committee E-2 on Emission Spec- 
troscopy, as well as 42 methods of 
analysis including four 

chemical procedures, five 
mended practices and one specifica- 
tion. Some of the standards contain 
comprehensive diagrams of appa- 
ratus and pertinent charts. 


since 


spectro- 
recom- 


‘Engineering Structural Fail- 
ures,’? by Rolt Hammond has re- 
cently been published by the Philo- 
sophical Library, 15 East 40th 
Street, New York 16, N. Y. The 
book contains 224 pages, 6 x 9 in., is 
cloth bound and sells for $12.00. The 
book provides a useful survey of the 
causes and results of failures in a 
variety of structures considering, 
each in a chapter, earthworks, dams, 
maritime buildings, 
bridges, underground structures, vi- 
bration problems and welded struc- 


structures, 


tures. The final chapter, lessons of 
failures, reviews modern methods of 
testing materials, ranging from X- 
ray and electronic developments to 
the very recent de Havilland air- 
craft pressure-test tank. Numerous 
line drawings and photographs sup- 
port the text and many references 
are cited at the end of each chapter. 


‘Contracts, Specifications and 
Engineering Relations,’’ third edi- 
tion, by Daniel W. Mead (this edi- 
tion rewritten by the staff of Mead 
and Hunt, Inc., consulting engineers 
and Joseph Reid Akerman), has re- 
cently been published by the 
McGraw-Hill Book Company, Inc., 
New York, N. Y. The book contains 
427 pages, 6 x 9 in., is cloth bound 
and sells for $7.00. This third edi- 
tion, written in an up-to-date style, 
follows the treatment originated by 
D. W. Mead, the original author. 
The text material has been re- 
organized to provide an up-to-date 
presentation; the sample reports and 
business letters have been rewritten 
for current usage, and the forms 
given as samples are the type cur- 
rently used in business transactions. 
In the chapters dealing with legal 
matters, the language is chosen to be 
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within the vocabulary of technical 
students, yet legal terms are used 
precisely. Numerous sections from 
actual specifications currently being 
used by consulting engineers and 
architectural firms are given as 
samples; and a complete set of spe- 
cifications recently used by a con- 
sulting engineer for actual construc- 
tion work has been included as an 
appendix. In this third edition much 
of the material in the original edition 
concerning detailed descriptions of 
materials useful in construction 
work has been deleted. Such infor- 
mation is now readily available else- 
where and a list of such societies and 
associations distributing such stand- 
ard specifications for materials and 
processes has been included as Ap- 
pendix B. Study and review ques- 
tions follow each chapter. 


‘Friction and Lubrication,’’ by 
I. P. Bowden and D. Tabor has re- 
cently been published by John Wiley 
& Sons, Inc., 440 Fourth Ave., New 
York 16, N. Y. The book contains 
150 pages, 4.x 6'/» in., and is cloth 
bound. This book gives a brief ac- 
count of modern work and views 
on the mechanism of friction and 
lubrication, treated nonmathemati- 
cally and kept simple. Eleven chap- 
ters present and discuss the follow- 
ing phases: friction and its meas- 
urement; the nature of solid surfaces 
and the area of contact between 
them; adhesion, surface damage and 
friction; the 
breakdown of oxide films and the 


the mechanism of 
friction of clean surfaces; surface 
temperature of sliding solids; the 
friction of nonmetallic solids; rolling 
friction; hydrodynamic or fluid lu- 
brication; boundary lubrication; the 
theory of boundary lubrication; ex- 
treme pressure lubrication. Numer- 
ous tables, line drawings and photo- 
graphs support and explain the text. 

‘Architects’ Details Sheets’’ 
(Third series of 96 selected sheets), 
edited by Edward D. Mills, has re- 
cently been published by the Philo- 
sophical Library, Inc., 15 East 40th 
Street, New York 16, N. Y. The 
hook contains 232 pages, 11'/.x 9in., 
is cloth bound, and sell- for $12. 
Kxamples are all works of con- 
temporary architects in various 
parts of the world, to show how 
architects combine good construc- 
tion and appearance in buildings and 


gard to walling, windows and en- 
trances. Examples are arranged in 
appropriate groupings for ease of 
comparison and reference. 


‘Electronic Computers Principles 
and Applications,’’ edited by T. E. 
Ivall, has recently been published by 
Philosophical Library, 15 East 40th 
Street, New York 16, N. Y. The 
book contains 167 pages, 8 '/> x 5!) 
in., is cloth bound, and sells for $10. 
The book is arranged in 11 chapters 
and starts with the evolution of 


computing, covering such aspects as 


the general principles of computing; 
analogue computer circuits; equip- 
ment and applications of analogue 
computers; digital computer cir- 
cuits; basic arithmetic operations 
and control and general organiza- 
tion; storage systems; digital com- 
puter equipment; application of 
digital computers. It discusses com- 
puters of the future, presenting a 
reasonably broad picture of elec- 
tronic computing. It is not presented 
as a book for computer experts, but 


Please turn to page 270 
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BRASS 


PURE CoppeER 


IN THE HEART OF THE PITTSBURGH DISTRICT! 


RENCE COPPER & BRONZE CO. 


Lawrence 
for Fast 
Dependable 


CASTINGS 


Tuyere Coolers 
Notc hes 


$ and Seats 


AND BRONZE CASTINGS 
type—] to 2 ton) 

Machine, 

re Bushing 


Tuyeres e 
Cinder 
Valve Gate 


> 
y Bronze 
$s 


Bars an 


In the geographic center of the world’s largest 
steel producing area, Lawrence Copper & Bronze 
Co. offers district steel plants a fast, dependa- 
ble source of supply for pure Copper, Brass 
and Bronze castings. 

Lawrence has continuously served many of 
America’s large steel plants since 1888. Our 
experience in making high quality, trouble-free 
castings is at your service. 


Phone Zelienople 774 





ZELIENOPLE, PA. 


structures of various kinds, empha- 
sizing constructional applications of 
practical value, particularly in re- 


lop Gert Tt.) PITTSBURGH DIST. PHONE 774 
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Bearings, Inc. engineering service 
... keeps ingot mold cars on the move 


Ingot mold cars for a large tube mill were continually out 
of service due to the short life of babbitt. bronze or other 
hearings originally supplied in the cars. 


The Trouble? Bearings, Inc. engineers found shock loads 
far beyond the capacities of the original bearings. Extreme 
wear on bearings due to excessive skewing, bent axles and 


uneven track. 


The Answer. Shown above is the Bearings, Inc. drawing 
of the installation that replaced the original bearings. It 
has greatly increased load capacity and no dimensional 
change is required in the shaft or bearing housing. 


The Result. The new bearing is designed on a new prin- 
ciple that keeps rollers in line and eliminates skewing. 
Shock loads due to uneven tracks have little effect on our 
installation for its construction makes possible a greater 
number of rollers available to support the load at all times. 


This is just one of the many such problems we have solved 
for our customers. In all cases we supply only bearings 
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we are authorized to distribute. They are new and come 
to you fresh in the manufacturers’ boxes. 


If you have a bearing problem or need replacement bear- 


ings in a hurry —call or write our branch nearest you, 


they re ready to give fast service. 


Rendering be aring service in the territories 


ie liste d he lou i. 


BEARINGS, INC. 


OHIO: Akron © Canton @ Cincinnati @ Cleveland e Columbus e Dayton e Elyria 


ad jac ent to our branche 


e@ Hamilton e Lima e Mansfield @ Toledo @ Youngstown e Zanesville 
INDIANA: Ft. Wayne e@ Indianapolis e Muncie e Terre Haute 
PENNSYLVANIA: Erie e Johnstown e Philadelphia e Pittsburgh @ York 
WEST VIRGINIA: Charleston e Huntington e Wheeling 
NEW JERSEY: Camden © MARYLAND: Baltimore 
DELAWARE: Wilmington e 
Subsidiaries: Balanro! Corp. @ Buffalo, N.Y.¢ 
Kentucky Ball and Roller Bearing Co. © Louisville, Ky. 


lron and Stee! Engineer, February, 1957 

















Two Separate Circuits Mean 


Reliable 
Rectifier 
Operation 






—-— = | Mercury Arc [ieee 
; Rectifiers | 





One of four metal-enclosed assemblies in 
a midwestern installation with a total 
capacity of 15,000 kw at 620 volts, dc. 


1. Firing Circuit 


A small de excitation arc is automatically 
ignited only once, when the unit is started. 
It is then maintained on the mercury cathode 
of each rectifier tube. It offers advantages 


similar to a pilot light. Since it is far easier to & = —-> 














FIRING PHASE 
CONTROL CONTROL 


LL 


























maintain an arc than to start it, this feature 





reduces the chance of the excitron losing exci- 
tation during power supply disturbances. 
' 


2. Phase Control Circuit $= Ji tt oo 


A separate circuit utilizes the deionizing grid 
to obtain phase control. Grid-type phase con- 
trol permits operation in the clean region 
near the anode where ion density is lowest, 
instead of on the surface of the cathode mer- 
cury pool where there is turbulence and con- Pd 3 
tamination. Reliability of phase control does 

not depend on the condition of the mercury. 

This is an exclusive excitron feature. 












































Only Excitron Rectifiers For Complete Information on rectifier 


Provide Separate Circuits operation, call your nearby A-C office, or 
write Allis-Chalmers, Industrial Equipment 
Division, Milwaukee 1, Wisconsin. 


ALLIS-CHALMERS CA 
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for these two all-important functions. Im- 

proved operation results — one function is 

never sacrificed for the other ~ you get opti- 
\ mum operation from each. 




















PICTURE OF A MAN INSURING HIS LIFE 


Yes, this man... like hundreds of thousands of Americans 
...is taking out a different kind of life insurance. He has an 
intelligent concern about cancer and knows that early detec- 
tion may mean the difference between life and death. 


That’s why, once every year, he goes to his doctor for a 
thorough medical checkup. This way, cancer... the “silent 
enemy”’...can be detected in its earliest stages, when chances 
for cure are most favorable. 


Last year, 245,000 people lost their lives to cancer... many 
of them needlessly, because they went to their doctors too late. 


That’s why we urge all men to make an annual checkup, 
including a chest x-ray, a habit for life... your life. 


AMERICAN CANCER SOCIETY 








® 
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TORRINGTON SPHERICAL ROLLER 
BEARINGS GIVE YOU THESE FEATURES 






« inherent self-alignment 

«conformity of rollers to races 

¢ positive roller guidance 

¢ land-riding bronze cages 

« integral flange for stability 

e maximum radial and thrust 
capacity 

« long, smooth service life 

« even load distribution 


SPHERICAL ROLLER + TAPERED ROLLER ~ 
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Mated perfectly - for lite! 


Make a point to notice the roller end and center guide flange in a 
Torrington Spherical Roller Bearing. The perfect mating there means a 
smoother, longer bearing life. 

Roller end and flange surfaces alike are ground to a common spherical 
radius centered on the common vertex of bearing axis and roller axis. 
Under all load conditions, the rollers bear lightly but constantly against 
this flange. This guides the roller positively with minimum friction and 
prevents skewing. Stress concentrations leading to early failure are 
avoided, so the bearing will serve you many good turns longer. 

This is the kind of feature Torrington builds into its bearings out of 
its experience with all major types serving in all kinds of equipment. 
Care for such details is matched only by our care in mating the right 
bearing to the right job. In this, your Torrington representative is an 
expert: call on him when you need help. The Torrington Company, South 
Bend 21, Ind.— Torrington, Conn. 


TORRINGTON BEARINGS 


District Offices and Distributors in Principal Cities of United States and Canada 


CYLINDRICAL ROLLER + NEEDLE + BALL + NEEDLE ROLLERS + THRUST 
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Here are 4 of 1001 ways 


Wesrern Gear 
improves production efficiency! 
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Working in close cooperation with the steel industry for 68 years, 
Western Gear has achieved a backlog of experience and know-how of 
inestimable value to the steel mill engineer. Take advantage of this 
intimate knowledge of America’s basic industry. Ask for one of our steel 
mill application engineers to consult with you relative to the diverse 

and specialized gears and gear products necessary to the steel industry. 
We invite, without obligation on your part, inquiries concerning any 
power transmission or gear applications you are considering. 

Write: General Offices, Western Gear, P.O. Box 182, Lynwood, California. 


: 


¥ . Z " ~ett 


Speed Reducers Wherever you find 
efficient steel production, you are apt to find the 
mill relying on Western Gear to provide its speed 
reducer needs. Capacities of these units range 

to 10,000 HP. As a result of years of successful 
service to the industry, Western Gear speed 
reducers are utilized on main mill drives and 
auxiliary drives in steel mill centers everywhere. 
Western Gear reducers are also used on cranes, 
for trolley, bridge and hoist drives as well as 

all types of conveyors. 





Pinion Stands Western Gear has enjoyed 
the unique experience of supplying pinion stands 
to steel mills throughout the nation. Capacities 
range to 5000 HP. Conservative design with 
compact, rigidly constructed gear cases, precision 
cut gearing and carefully selected bearings are 

all a must in the production of a Western Gear 
mill pinion stand. 


Precision Elliptical Gears Here's a 
totally new concept of generating elliptical gears 
achieved after extensive research by Western Gear 
technicians. It provides a precision method that 
makes possible greater life . .. smoother operation. 
The new Western Gear method insures proper 
gear tooth profile, minimizes tooth to tooth 
spacing tolerances ... produces each tooth normal 
to the true elliptical pitch line. 

Miter Gears Because day after day, Western 
Gear continues its fact finding study of the steel 
industry, it has won wide recognition for many 
improved applications of gears. A good example 
is this gearing made for mill table rolls. To insure 
internal control of all heat treating processes to 
steel mill standards, Western Gear operates its 
own heat treating and metallurgical departments. 
‘” 


4 


need oe me Wesrern CTY / 


AHA QAAGH 


ENGINEERS ANTI MAN FA 


. 


PLANTS AT LYNWOOD, PASADENA, BELMONT, SAN FRANCISCO (CALIF.) SEATTLE AND HOUSTON—REPRESENTATIVES IN PRINCIPAL CITIES 
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WHERE TO BUY 


at EQUIPMENT FOR SALE 
POSITIONS VACANT 
POSITIONS WANTED 


AN TRON and STEEL ENGINEER SERVICE TO THE STEEL MILL OPERATORS 
PITTSBURGH (Continued) 


gNGINEERING Map 
? 


- a -™ 








WHERE TO BUY Consulting Engineers (Continued) 





BIRMINGHAM DISTRICT 








DIXIE ENGINEERING COMPANY 


"Manufacturer's Agents” 


812-813 Protective Life Building 
BIRMINGHAM 3, ALABAMA 


abel E. Baum Telephone 4-0417 








CHICAGO DISTRICT 


W. G. KERR CO., INC. 

1005 Liberty Ave. PITTSBURGH, PA. 
Phone: ATlantic 1-4254 
Representing: 

FOOTE BROS.—Gears and Speed Reducers 

REEVES—Variable Speed Drives 
THOMAS—Flexible Couplings 
WICHITA—Air Tube Disc Clutches & Brakes 
TELSMITH—Telsmith Crushers 
CULLEN-FRIESTEDT—Sheet Lifters—Welding 
Positioners—Track Cranes 


W. VANCE MIDDOUGH & ASSOCIATES 
Consulting Electric Engineers 
Engineering @ Design @ Layout 
Heavy Industrial Power & Light 
Frederick Building Cleveland 15, Ohio 
Prospect 1-2060 

















PAUL W. WENDT & SONS 


Manhattan Building 
CHICAGO 5, ILLINOIS 


District Representatives for 

A. W. CADMAN MFG. CO. 
HUNTER SAW & MACHINE CO. 

GRAFO COLLOIDS CORP. 


METALLIC RECUPERATORS 
(Air Preheaters) 
For application to soaking pits, heating, and 
other types of metallurgical furnaces. 
HAZEN ENGINEERING CO. 
184 Sandy Creek Road (Penn Township) 
P. O. Box 10597 PITTSBURGH 35, Pa. 
CHurchill 2-1750 


Hickory 9-5141 DETROIT, MICH 
WHITMORE LAKE lodward 3-8706 
LOYAL R. MILBURN 
Hangsterfer’s Laboratories, Inc. 


g and Cutting Compounds for Stair 
Chrome Nickel 


MICH wW ¢ 


Drawir 
and Titenium 


Residence 1928 Guardian Bldg 
WHITMORE LAKE, MICH DETROIT 96. MICH 























EHRET AND KINSEY 
Board of Trade Bidg., 141 West Jackson Blvd. 
Chicago 4, Illinois Wabash 2-0449 
Representing 
THE CLEVELAND WORM AND GEAR CO. 
“Cleveland” Worm Gearing and Worm 
Gear Speed Reducers—30 Years 
THE FARVAL CORPORATION 
“Farval” Centralized Lube Systems—30 
Years 
LUBRICATION PRODUCTS COMPANY 
“Strapax” Journal Box Lubricator—24 Years 
AMERIGEAR-ZURN, INC. 
“Amerigear” Flexible Couplings—9 Years 
WALDES KOHINOOR, INCORPORATED 
“Truarc”’ Retaining Rings—11 Years 
2400 W. Clybourn St. 
Milwaukee 3, Wisc. 


Phone: 
Division 2-7844 












ATTERSON 
MERSON 
OMSTOCK., Inc. 





“/> 
TSBuRGH: 


STEEL MILLS—INDUSTRIALS 
UTILITIES 


313 EAST CARSON ST. ZONE 19 


HOUSER AND CARAFAS ENGINEERING CO. 


Engineering for Industry 
4 Smithfield Street Pittsburgh 22, Pa 


Phone: GRant 1-9929 








MARTIN J. CONWAY 
Consulting Fuel Engineer 
111 South Duke Street Millersville, Pa 
Tel. 6153 
Steel industry Representative for 
CHEMICAL CONSTRUCTION CORPORATION 
P-A- VENTURI SCRUBBER 
Cleaning Blast Furnace, Converter, Open Hearth 
and Scarfing Gases. Bulletins Available. 




















PITTSBURGH DISTRICT 





ROLLING MILLS 
and EQUIPMENT 


i 


FRANK B. FOSTER, INC 
VER } NG PITTSBURGH 2: 


Pittch 





| 1515 W. UBERTY AVE. 


RITTER ENGINEERING CO. 


Engineers e Distributors ¢ Contractors 


Phone: 


PITTSBURGH 26, PA. LOCUST 1-1303 


TRABON—Centralized Lubricating Systems 

METERFLO—Circulating Oil Systems 

PARKER—Hydraulic & Fluid System 
Components 


“Specialists in Lubrication and Hydraulics” 


AUBURN AND ASSOCIATES, INC. 
ENGINEERS 


COMPLETE 
ENGINEERING . DESIGN 
FOR 
STEEL MILLS AND HEAVY INDUSTRY 
923 Penn Ave., Pgh. 22, Pa. 
Telephone COurt 1-5014 


. LAYOUT 


NATIONAL DETAILING CO. 


Designers and Detailers of 
Steel Fabrications 
Consultants in Welded Fabrication of Machin- 
ery, Pipe and Plate Steel Products—Product 
Design and Re-Design of Castings for Welded 
Fabrications. . .Contract Basis. 


3633 Brownsville Road 
Pittsburgh 27, Pa. 


Telephone: TUxedo 4-2200 











CONSULTING ENGINEERS 


ENGINEERING SERVICE BUREAU 


Structural © Mechanical ® Electrical 
Plans ® Design ® Layout 


173 W. Madison St. 


BEN MACCABEE CHICAGO 2, ILL. 














ROSS E. BEYNON 


Consultant 
ROLLING LAYOUT AND ROLL DESIGN 
7658 Coles Avenue Chicago 49, Illinois 


Telephone SAginaw 1-3466 








THE COST OF AN AD 
THIS SIZE IS $8.00 
PER INSERTION 




















THE ENGINEERING MART 


CONTINUED 


CONSULTING ENGINEERS 





Specialist in Electrical 
@ DESIGN 


@ LAYOUT 
@ INSTALLATIONS 


VALENTZ ENGINEERING CO. 


Engineers & Consultants 


Warren, Ohio 


611 W. Market 








WOULD YOU WELCOME EXTRA INCOME? 
ARE YOU CALLING ON METAL-WORKING 
INDUSTRIES? Then our New Technical Infor- 
mation Service Indispensable to Plant Engi- 
neers and Management is Your Answer. 
Write at once with details to Box 201, IRON 
AND STEEL ENGINEER, 1010 Empire Building, 
Pittsburgh 22, Pa. 











McKEE NEEDS 


e Structural 
e Concrete 

® Piping 

® Mechanical 


Our Metals, Refinery and Industrial Divisions 
offer you wide choice of opportunity to make 











full use of your talents, with excellent pros- 
pects for promotion to supervisory, staff and 
executive posts. 


Broad diversification of work in our three 
engineering divisions assures you permanent 
security of employment. 


You can build a strong foundation for your 
future with McKee. For complete information 
on the McKee organization and the extra 
benefits this company offers you write for our 
folder "The Key to Your Future” or contact 
us by telephone. 


Telephone TOwer 1-2300, Cleveland, Ohio 
or write to Edward A. Kolner 
Arthur G. McKee & Company 

2300 Chester Ave., Cleveland 1, Ohio 


Arthur G. McKee & Company 


Engineering offices in 


CLEVELAND, OHIO * UNION, N.J. ¢ TORONTO, ONT. 








USE THE 
ENGINEERING MART 
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MODERN - 
MILL OPERATORS’ PULP 





JAMES CAMPBELL SMITH, INC. 


hd 


BOOK REVIEWS 
(Continued from page 263) 


as background material for anyone 
interested in the possible application 
of computers to their particular 
problems. Several photographs and 
line drawings are used to illustrate 
the text. 


‘‘Tinplate Handbook”’ (third re- 
vised edition), by W. E. Hoare, has 
been published recently by the Tin 
Research Institute, 492 West Sixth 
Avenue, Columbus 4, Ohio. The 
book contains 44 pages, 10 x 6 in., is 
bound in heavy paper, and is avail- 
able free of charge on request to the 
Institute. This handbook contains 
nine tinplate 
and its manufacture, world produc- 
tion, grades, qualities, packing and 
applications. There are 16 tables 
and several illustrations supporting 
the text; also a glossary of tinplate 
terms, listing equivalents in English, 
French, German, Spanish. 


sections, describing 


‘Simplified Problems in Strength 
of Materials and Structural De- 
sign,’’ by Ephraim Vertels, has been 
recently published by the Arco 
Publishing Co., 480 Lexington Ave- 
nue, New York 17, N. Y. The book 
contains 636 pages, 8 '/. x 5'/» in., Is 
cloth bound, and sells for $5. This 
is an all-problem reference book, 
divided into three parts under 
twenty-two section headings. Part 
I includes simple stresses; graphic 
statics; center of gravity; reactions 
girders, 


shear and shear diagrams; 


of beams, roof trusses, 
arches; 
bending moment and moment dia- 
grams: influence lines; torsion. Part 
II covers elements of theory of bend- 
ing; moment of inertia; design of 
design of wooden 
rivets and 
riveted welding and 
welded Part III has 
separate sections on the design of 
plate girders, columns, bearing 
plates, and roof trusses. There are a 
total of 735 problems solved in a 


beams: 
floor 
connections: 


steel 


beams; design: 
> 


connections. 


step-by-step fashion. 





GANGE 
LIFE-LINE 


In factories, plants and 
offices across the nation, the 
line is busy. Through films, 
pamphlets, posters, exhibits 
and lectures, the life-line of 
cancer education is reach- 
ing more and more men and 
women in business and 
industry. 


All of us are concerned with 
the major threat which can- 
cer poses, Today, thousands 
of lives are being saved each 
year, but many more would 
be saved if people went to 
their doctors in time. This, 
and many other facts of life 
about cancer, are part of the 
education program which 
the American Cancer 
Society offers you in your 
plant or factory. For addi- 
tional information, call the 
American Cancer Society 
office nearest you, or write 

to “Cancer” in care of 

your local Post Office. 


AMERICAN CANCER SOCIETY 
® 
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POOLE 


CURVED TOOTH COUPLINGS 
FOR GREATER MISALIGNMENT 


We are now equipped to furnish on special order, couplings up to and including size No. 12 
with curve-sided hub teeth, permitting misalignment up to plus or minus 5°. 





This feature solves many problems where excessive misalignment becomes unavoidable, 
such as coupling arrangements which necessitate changing centers of rolls etc., or any sort of 
drive requiring more than the standard plus or minus 1°. 








The method by which this is done represents the very latest gear cutting process. Gear 
teeth cut by this amazing and ultra modern method are not only to a precise and absolutely 
true shape, but are also generated to tolerances of astounding accuracy. 


Engineers and draftsmen, when confronted with coupling problems involving more than the 
usual amount of misalignment, are invited to submit such problems to us for recommendation to 
suit their exact requirements. 


FLEXIBLE COUPLINGS 


POOLE FOUNDRY & MACHINE COMPANY 1700 UNION AVE. BALTIMORE 11, MO. 
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TUNE IN 


Gear drives running under long, heavy duty service 
or shock loads—need a lubricant that will adhere 
and protect metal surfaces. Texaco Meropa Lubri- 
cant does that dependably. It contains special polar 
additives that insure greater adhesion to metal 
under all conditions. Texaco Meropa Lubricant 
stays where it’s needed—on the gear surfaces. 
Extreme Pressure properties of Texaco Meropa 
Lubricant give its lubricating film greater toughness 


for better gear protection—at far beyond normal 


TEXACO Meropa Lubricants 


fo protect gears 
when the pressure’s on 


i ay i 


i 


Gear drive for a 40” Universal Finish- 
ing Stand of a Mesta Universal Struc- 
tural and Wide Flange Beam Mill. 


operating requirements. It resists heat—has great 
stability—won’t foam. And it’s noncorrosive to 
gears and bearings. 

Your nearby Texaco Lubrication Engineer will 
gladly help you get smoother gear performance. 
and reduce maintenance costs. Just call the nearest 
of the more than 2,000 Texaco Distributing Plants 
in the 48 States, or write: 

The Texas Company, 135 East 42nd Street, 
New York 17,N. Y. 


FOR STEEL MILL GEAR DRIVES 








.. METROPOLITAN OPERA RADIO BROADCASTS EVERY SATURDAY AFTERNOON 
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